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Your confidence in Intermedics is 
as important to us as your patient's 
confidence is to you. That's why 
we want you to know about the 
InterLith™, chosen around the 
world as one of the most reliable 
pacemakers available. 
Intermedics supports the out- 
standing reliability of the InterLith, 
and will allow a replacement 
on model 223 generators * which 
fail for any reason during the life- 
time of the original user. 


Extensive use has confirmed the 
` outstanding performance and re- 
liability of the InterLith. In addition 
to its proven reliability, the InterLith 
has significant features which 
make it an especially fine choice 
asa replacement pacemaker, one 
deserving of your confidence. 
Confidence begins with 
extraordinary design features. 
Atungsten inert gas (TIG) welding 
technique is used to hermetically 
seal the InterLith in a 316L stain- 
less steel enclosure that prevents 
moisture leakage. A specially de- 
signed polycrystalline ceramic 
feedthrough seal, utilizing a 
99.99% pure platinum conductor, 
makes the electrical connection to 
the pulse generator. The high col- 
lar design of the feedthrough 

inimizes fluid leakage in the 
farsh environment of the human 
body. 

In addition, the InterLith is one of 
the smallest, lightest pacemakers 
on the market. Its corners are gently 
rounded, much as the contours of 
the patient's own body, minimizing 
the risk of pressure necrosis. The 
unipolar model weighs only 75 
grams and measures 6.0 cm by 4.6 
cm by 1.5 cm, enabling a smaller 
incision and a more cosmetic 
pocket for greatest patient comfort. 


*The patient lifetime replacement agreement is lim- 
ited to the standard model 223 pulse generator 

and does not include the 223-02 (High-Output) 
pulse generator. Consult the physician's handbook 
for these 'special' pacemakers for their specific 
patient replacement agreements. 


Confidence increases with 
superior performance. 
Sophisticated state-of-the-art 
technology in pacemaker elec- 
tronics gives the InterLith an out- 
standing theoretical longevity in ex- 
cess of 14 years. The InterLith's 


overall failure rate of less than 0.003 


Is attributable to the outstanding 
longevity of its lithium-iodide 
power cell, a battery without a 
single failure reported in 150,000 
battery units manufactured. The 
power source, combined with the 
proven reliability of CMOS circuitry 
provides superior performance at 
the lowest possible power 


consumption. _ 

Quality c- .nsures 
confider:- . ! 

Every comp... ant utilized in the 


InterLith is selected and tested to 
meet the same standards as in the 
most exacting aerospace and mili- 
tary applications. Every step of the 
manufacturing process at Inter- 
medics is subjectto rigid quality 
assurance procedures in our 
complete environmental testing 
laboratory, because at Inter- 
medics we believe only the high- 
est quality products can merit your 
confidence. Some of the high re- 
liability screening steps that our 
pacemakers receive in manufac- 
turing are: 

1. Twenty-four hour dynamic 
temperature cycling from — 30? to 
+80°C. 

2. Vibration testing at .1" dis. 
placement and 10 g's from 20 HZ 
to 2 KHZ. 

3. Strip chart rate recording-from 
room temperature to 60?C. 

4. Hermetic seal testing to 4 x 
10 3 atm. cc/sec. 





The InterLith has been designed 
and built to merit your confidence. 


So, the next time one of your pa- 
tients requires pacing therapy why 
not select the InterLith. Where relia- 
bility counts, there’s no better 
choice. 





v- Intermedics lnc. 


PO. Box 617 
Freeport, Texas 77541 


Our business is life. 


INTERMEDICS PULSE GENERATORS 
INDICATIONS FOR USE Implantable cardiac 


pulse generators may be indicated for long-term treat- 


ment of impulse formation and conduction disorders 
resulting in symptomatic bradyarrhythmias, 
tachyarrhythmias, and heart block unresponsive to 
drug therapy. à 


PRECAUTIONS Implanted pacemakers have a fi- 
nite and relatively widely variable service life as a re- 
sult of factors such as the initial capacity of the bat- 
tery and the shelf storage time of the manufactured 
pacemaker; variations in electrode system resis- 
tances, stimulation rate, and the percentage of time 
the implanted pacemaker is inhibited; and random 
electronic component failures. 

Pacemaker operation can be influenced by elec- 
tric, magnetic, or electromagnetic energy mimicking 
normal cardiac activity. In addition, certain environ- 
leis d wi can c ede ty ene intoa 

a er system to damage the pulse generator. 
Specifically diatherny should not be used on 
pacemaker patients because of possible total inhibi- 
tion of the ie generator; electrocautery can inhibit 
and/or the er as well as cause 
burns or possible ventricular fibrillation; defibrillation 
can damage the pacemaker, and the presence of 

the pacemaker may cause increased cardiac mus- 
cle damage from defibrilation Certain electrical and 
gasoline- appliances can Rp wet inhibition 
of anim ed cardiac pacemaker 

For complete precautions, see the eua 
Manual for the Intermedics cardiac pulse generator 
to be used. 


CONTRAINDICATIONS AND SIDE EFFECTS 
There are no known contraindications to the use of 


tion or skin necrosis, muscle and nerve stimulation, 
embolism, and cardiac tamponade have been 
reported. 


InterLith is a trademark 
of Intermedics, Inc., Freeport, Texas. 


©1978 Intermedics, Inc., Freeport, Texas 77541 
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rare when renal function is normal. Serum K* and BUN should be checked regularly 


(see Warnings below). 


Before prescribing, see complete prescribing 
information in SK&F literature or PDR. The 
following is a brief summary. 

Indications: Edema associated with congestive 
heart failure, cirrhosis and nephrotic syndrome; 
steroid induced edema, idiopathic edema, and 
edema due to secondary hyperaldosteronism, to 
increase diuresis in patients resistant to other 
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Contraindications: Anuria. Severe or progressive 
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have a different functional response to submaximal exercise at the time of hospital discharge than those with an i 
inferior or nontransmural infarct. Those with a recent anterior myocardial infarct showed a significant reduction 
in left ventricular ejéction fraction with submaximal exercise and segmental wall motion abnormalities at rest. 
* The patients with an inferior or nontransmural infarct showed fewer and milder abnormalities at rest and after ex- 
` ercise. These exercise scintigraphic results appeared to be reproducible. Nine patients undergoing repeat sub- 
maximal exercise testing 6 weeks after discharge from the hospital had responses similar to those before dis- 
charge. 


29 Comparison of S-T Segment Changes on Exercise Testing With Angiographic Findings in Patients With 
Prior Myocardial Infarction i 


MARK J. CASTELLANET, PAUL S. GREENBERG and MYRVIN H. ELLESTAD 


Assessing the reliability of the exercise electrocardiogram in detecting additional coronary disease in 97 pa- 
tients with prior transmural myocardial infarction, this study shows that the S-T response to the treadmill stress 
test had a high degree of sensitivity (87 percent) and specificity (90 percent) in patients with a previous antero- 
septal wall infarction. A negative S-T response was of little value in distinguishing among groups of patients with 
single or multiple vessel coronary artery disease. A positive treadmill stress test does not necessarily imply mul- 
tiple vessel disease. The resting surface electrocardiogram proved useful in predicting a false negative exercise 
test. Q waves in the precordial leads extending to lead V4 or beyond decreased the sensitivity rate of treadmill 
stress testing to 33 percent. 
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Clinical evaluation, treadmill exercise testing and cardiac catheterization data in 57 patients with complete left 
bundle branch block indicate that exercise-induced electrocardiographic changes do not facilitate detection of 
rk coronary artery disease in such patients. In this study the degree of S-T depression induced by exercise was not 
useful in detecting myocardial ischemia. Exertional chest pain was rarely accompanied by abnormal S-T 
changes. At present exercise-induced S-T changes in patients with left bundle branch block remain uninterpreta- 
ble. In the future the utilization of radionuclide scanning techniques with thallium and similar agents during rest 
and exercise may prove useful in diagnosing myocardial ischemia in the presence of left bundle branch block. 


41 Coronary Artery Disease in Young Women: Clinical and Angiographic Features and Correlation With 
Risk Factors 


DAVID D. WATERS, CHRISTINE HALPHEN, PIERRE THEROUX, PAUL-ROBERT DAVID and 
HENRY F. MIZGALA 


Contrary to some other evidence, this clinical and angiographic study of 239 women less than 45 years of age 
with suspected coronary artery disease showed that coronary artery disease in these young women did not differ 
in most respects from coronary disease in other patients. Hypertension, hyperlipidemia and diabetes were at 
least twice as frequent in women with significant coronary artery disease as in those with normal arteries. Ciga- 
rette smoking and a strong family history of coronary disease also correlated significantly with coronary artery 
disease. Diagnostic coronary arteriography is rarely necessary in women of this age group with less than two 
risk factors. In this series the prevalence of oral contraceptive use did not differ significantly between women 
with significant coronary disease and those with normal vessels. No characteristic type of coronary angiographic 
lesion was observed in users of oral contraceptive agents. 


LJ 
48  Nonobstructive Coronary Thrombosis in Sudden Cardiac Death 
RICHARD J. FRINK, JAMES O. TROWBRIDGE and PIERCE A. ROONEY, Jr. 


As shown in these six men aged 32 to 44 years without any history of heart disease, nonobstructing mural coro- 
nary thrombosis may be more prevalent and more significant than previously suspected in cases of sudden car- 
diac death. A nonobstructing mural coronary thrombus was found in all six hearts. In four, the thrombus was lo- 
cated in the left anterior descending coronary artery. Distal microthrombi were found in four hearts. The terminal 
event, often a ventricular arrhythmia, may have been related to the mural coronary thrombus. Small fragments 
originating from such lesions can obstruct the microcirculation, producing sudden lethal arrhythmias. The degree 
of thrombotic organization suggests that thrombi were present some time before death. All thrombi were super- 
imposed on atherosclerotic lesions, but the thrombus was located at the site of greatest narrowing of the af- 
fected artery in only 50 percent of cases. 
Continued on page A13 
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XIoday's intelligent answer for computerized ECGs. 
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For immediate examination, 
you get scratch-resistant, 
smudge-free tracings, 
produced on Burdick's 

A 
easy-to-read BlueTracé 
3-channel paper. 


Burdick’s new 
3-channel automatic 
electrocardiograph: 

At the touch of a button, 
the EK-7 provides cost-efficient 
ECGs for computer analysis, 
ready for your review. 
Burdick designed the EK-7 || 








cquisition system to usethe |! Burdick and 
terpretive potential of i computer-assisted 
| electrocardiography 


puter programs already in | 
e, even though they may | 
many miles from your office, i 
inic or hospital. Thus, the | 
urdick EK-7 gives you the 

greatest freedom of ij 
computer-service choice. x 


help meet your needs. 
When you invest in an EK-7, 
you invest in your practice. 
Computer-assisted 
electrocardiography substantiates 
and augments your diagnosis, 
increases speed and volume of 
ECGs administered. For your 
review, you get computer- 
generated ECG interpretation 
in minutes. 





urdick’s EK-7 records, 
nslates, and transmits 

CGs automatically. 
^. Access to computer facilities can 
be as automatic as activating one 
utton. Manual operation is also 
ossible with a built-ih telephone 
ndset. Patient identification and 
tistics are set manually and 
ismitted automatically. 


A Burdick-trained dealer 
will help you select the instrumentation options best 
for you, and teach your staff the proper technics. For 

more information call our toll-free number, (800) 356-0701. 
Within Wisconsin, (608) 868-7631. Or write 

The Burdick Corporation, Milton, Wisconsin 53563. 
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Description: Klorvess Effervescent Tablets: Each dry, sodium- 
and sugar-free effervescent tablet contains 20 mEq each of 


OTASSIUM SUPPLEMENTATION 


: D E L | & | O U S potassium bicarbonate 0.5 g, L-lysine monohydrochloride 0.913 g. 
Dissolution of the tablet in water provides the potassium and 
| 
[ 


a ; ® chloride available for oral ingestion as potassium chioride, 
mermerit bicarbonate, potassium citrate and L-lysine mono- 
ydrochloride. ° | 
Klorvess (potassium chloride) 10% Liquid: Each tablespoon- 4 
ful (15 ml) contains 20 mEq of potassium chloride (provided 














- by potassium chloride 1.5 g) in a palatable, cherry-with-pit 
À 0 flavored vehicle, alcohol 1%. . 
` 0 Indications: For the prevention and tieatment of potassium 
J depletion and hypokalemic-hypochloremic alkalosis. 
* e e Deficits of body potassium and chloride can occur as a con- 
» sequence of therapy with potent diuretic agents and adrenal 
potassium chloride uoc | 
indications: li irment characterized b 
? Each tablespoonfui (15 ml) contains 20 mEq of potassium chloride (provided Epee Hp untreated Addison's disease, Familial Pertodic 
> b potassium chloride 1.5 g) in a palatable cherry-with-pit flavored vehicle, Paralysis, acute dehydration, heat cramps, patients receiving 
cohol 1%. aldosterone-inhibiting or potassium-sparing diuretic agents, or 
hyperkalemia from any cause. 
Delicious cherry-with-pit flavor. Precautions: ease » A. in the shania of body 
/ : potassium, renal excretion of the ion is increased. In the presence 
If you ve tasted it, yOu know of normal renal function and hydration, it is difficult to produce 
LORVESS® (potassium chlori de) potassium intoxication by oral potassium salt supplements. 
Fe ‘ . ES. Since the extent of potassium deficiency cannot be accurately 
10% Liquid provides a delicious determined, it is prudent to proceed cautiously in undertaking 
: potassium replacement. Periodic evaluations of the patient's. 
natural flavor. So good, in fact, clinical status, serum electrolytes and the EKG should be carried 
. ° . out when replacement therapy is undertaken. This is particularly 
í that it should be mixed only with important in patients with cardiac disease and those patients 
ater receiving digitalis. 
py ; High serum concentrations of potassium may cause death 


through cardiac depression, arrhythmia or cardiac arrest. 


To minimize gastrointestinal irritation associated with potassium 
chioride preparations, patients should dissolve each Klorvess 
Effervescent Tablet in 3 to 4 ounces of water or fruit juice, or 
dilute each tablespoonful of Klorvess (potassium chloride) 10% 
Liquid in 3 to 4 ounces of water. Both of these solutions should 
be ingested slowly with or immediately after meals. 


Adverse Reactions: Abdominal discomfort, diarrhea, nausea and 
vomiting may occur with the use of potassium salts. 


The symptoms and signs of potassium intoxication include 
paresthesias, heaviness, muscle weakness and flaccid paralysis 
of the extremities. Potassium intoxication can produce listless- 
ness, mental confusion, a fall in blood pressure, shock, cardiac 
arrhythmias, heart block and cardiac arrest. 

The EKG picture of hyperkalemia is characterized by the early 
eppearance of tall, peaked T waves. The R wave is decreased in à 
amplitude and the S wave deepens; the QRS complex widens 
yos. The P wave widens and decreases in amplitude 
until it disappears. Occasionally, an apparent elevation of the RS-T 


T H E S U BT L E M | X E R pe and a cove plane RS-T segment and T wave will be noted 
in AVL. 


|! B 
9 Dosage and Administration: Klorvess Effervescent Tablets: Adults 
—One Klorvess Effervescent Tablet (20 mEq each of potassium 
and chloride) completely dissolved in 3 to 4 ounces of cold © 
[ water or fruit juice 2 to 4 times daily depending upon the require- 
ments of the patient. 


Klorvess (potassium chloride) 10% Liquid: Adults —One - 
tablespoonful (15 ml) of Klorvess Liquid (20 mEq of potassium 
^ chloride) completely diluted in 3 to 4 ounces of water 2 to 4 times 
daily depending upon the requirements of the patient. 
Each dry, sodium- and sugar-free effervescent tab- . Both of these solutions should be ingested slowly with meals or 
let contains 20 mEq each of potassium and  , immediately after eating. Deviations from these recommended 
chloride supplied by potassium chloride 1.125 g, dosages may be indicated in certain cases of hypokalemia based 
potassium bicarbonate 0.5 g, L-lysine monohydro- upon the patient's status. The average total daily dosage must be 
chloride 0.913 g. governed by the patient's response as determined by frequent 









Or whatever flavor your patients 
like . . . because the taste of 
KLORVESS® Effervescent Tablets 
etermined by what they're 
mixed with. The subtle mixer. 


Convenience in therapeutic doses. 
oth forms of KLORVESS offer 

-20 mEq of potassium and chloride 

in each dose. There is no need to 

. prescribe several slow-release 

tablets per dose or space dosage 

administration beyond the 

atient’s normal routine. 

rescribe KLORVESS Liquid 

KLORVESS Effervescent 
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pplement therapy that offers 
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evaluation of serum electrolytes, EKG and clinical status. 


Overdosage: Potassium intoxication may result from overdosage 
of potassium or from therapeutic dosage in conditions stated 
under '"'Contraindications.'"" Hyperkalemia, when detected, must 
as — immediately because lethal levels can be reached in a 
ew hours. 


Treatment of Hyperkalemia: 1. Dextrose solution, 10 or 25% 
containing 10 units of crystalline insulin per 20 g dextrose, 
given IV in a dose of 300 to 500 ml in an hour. 2. Adsorption and 
exchange of potassium using sodium or ammonium cycle cation 
exchange resins, orally and as retention enema., (Caution: 
Ammonium compounds should not be used in patients with 
hepatic cirrhosis.) 3. Hemodialysis and peritoneal dialysis. 

4. The use of potassium-containing foods or medicaments must 
be eliminated. In digitalized patients too rapid a lowering of 
plasma potassium concentration can cause digitalis toxicity. 


How Supplied: Klorvess Effervescent Tablets (white) —60 tablets 
(2 Rx units of 30 effervescent tablets each). Each tablet is indi- 
vidually foil wrapped. Klorvess (potassium chloride) 10% Liquid 
(dark red)—as a cherry-with-pit flavored liquid in pint and gallon 
bottles. Klorvess Tablets and Liquid are also available in institu- 
tional packaging as follows: Klorvess Tablets —30 and 1000 
tablets; Klorvess Liquid—36 (3 x 12) x 4 oz Unit-of-Use bottles 
and 100 (4 x 25) x 15 ml Unit-Dose bottles. 


Division of Sandoz, Inc. 
LINCOLN, NEBRASKA 68501 . . BD--B 
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*INDICATIONS —Based on a review of th 
drug by the National Academy of Scien 
National Research Council and/or o 
formation. FDA has classified the indi 
as follows: 


"Possibly" effective: For long-ter, 
of chronic angina pectoris. Pr 






BAUTIONS-— Since exces- 
løses can produce pe- 

Y be lasodilation, the drug 

ised cautiously in 

hypotension. 


ADVERSE gua 
Adverse reactions are minimal 
and transient at recommended 
dosages. Instances of head- 
ache, dizziness, nausea. flush- 
ing, weakness or syncope, mild 
gastrointestinal distressand 











skin rash have been noted dur- 
ing therapy. Rare cases 
appeared to be an aggra 
of angina pectoris have bee 
reported, usually at the initia= 
tion of therapyeOn those un- 
common occasions when ad- 
verse reactions have been 
persistent or intolerable, with- 
drawal of medication has been 
followed promptly by cessation 
of undesirable symptoms. 










DOSAGE AND ADMINISTRA- 
TION—The recommenaed dos- 
age is 50 mg (2 tablets) three 








à effects is associated with in- 


times a day, taken at least one 
hour before meals. In some Y 
cases higher doses may be nec- e- 
essary but a significantly 

increased incidence of side 


reased dosage. Clinical re-* 
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the second or third 
month of centinuous therapy. 
Tablets of 25 mg 
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The art of the heart... 
"Heamienoeriginal com- 
position bythe contemporary 
American graphic artist, 
Joseph Harris. 


Persantine is a non-nitrate 
coronary vasodilator, with "n 
no known contraindications, d , 4 
for the long-term therapy ? 
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52 Rapid Changes in Left Ventricular Dimensions and Mass in Response to Physical Conditioning and 
Deconditioning 


ALI A. EHSANI, JAMES M. HAGBERG and ROBERT C. HICKSON 


These results indicate that adaptive changes in left ventricular dimension and wall thickness occur rapidly in re- 
sponse to endurance training and regress rapidly after cessation of training. Left ventricular end-diastolic dimen- 
sion in eight competitive swimmers increased from the pretraining value of 48.7 + 1.7 to 53 + 0.2 mm by the" 
first week and to 52 + 1.7 mm by the ninth week of training, mimicking the pattern of chronic volume óverload. 
Maximal oxygen uptake (VO, max) increased from 52 + 3 to 60 + 3 ml/kg per min. In the six competitive run- 
ners who stopped training for 3 weeks, left ventricular end-diastolic dimension decreased progressively from the 
control value of 51 + 3 to 46.3 + 2.3 mm; posterior wall thickness decreased from 10.7 + 0.3 to 8.0 + 0.7 mm 
and VO, max from 62 + 2 to 57 + 2 ml/kg per min. Despite the reduction in end-diastolic volume, changes in 
ejection fraction were negligible, suggesting that mechanical performance of the left ventricle may not be af- 
fected significantly by deconditioning. 


57 Association of Left Dominant Coronary Arterial System With Congenital Bicuspid Aortic Valve 
GROVER M. HUTCHINS, IRADJ H. NAZARIAN and BERNADINE H. BULKLEY 


This review of postmortem arteriograms by patterns of coronary arterial dominance and examination of the 
hearts for aortic valve disease in 973 autopsy patients confirms the association of left coronary arterial domi- 
nance with congenital bicuspid aortic valve. These vessels suggest that a left dominant coronary system may 
be the consequence of disproportionately decreased blood flow in the left heart chambers. Aortic valve stenosis 
during early cardiogenesis may be one such cause. 


60  Mitral Ring Calcification in Idiopathic Hypertrophic Subaortic Stenosis 
ITZHAK KRONZON and EPHRAIM GLASSMAN 


In this study of 68 patients with idiopathic hypertrophic subaortic stenosis, the prevalence of mitral anular calcifi- 
cation was greater than in age-matched control subjects without idiopathic hypertrophic subaortic stenosis. Cal- 
cification of the mitral valve anulus is a frequent finding in older patients with idiopathic hypertrophic subaortic 
stenosis, and its demonstration should raise the suspicion of associated idiopathic hypertrophic subaortic steno- 
sis. Mitral anular calcification can be recognized on echocardiography by a dense thick linear echo behind the 
mitral valve that disappears abruptly at the junction between the left ventricle and the left atrium. Prolonged mur- 
murs in patients with mitral anular calcification were thought to be caused by mitral regurgitation or aortic steno- 
sis, but this study suggests that asymmetric septal hypertrophy or idiopathic hypertrophic subaortic stenosis may 
be a causative factor in some of these patients. Echocardiography may permit a more accurate diagnosis in such 
cases. . 


EXPERIMENTAL STUDIES 


67  Radioautographic Studies in Experimental Myocardial Infarction: Profiles of Ischemic Blood Flow and 
Quantification of Infarct Size in Relation to Magnitude of Ischemic Zone 


PANTEL S. VOKONAS, PAUL M. MALSKY, SHARI J. PAUL, STANLEY L. ROBBINS and 
WILLIAM B. HOOD Jr. p 


In dogs with myocardial infarction produced experimentally by ligation of a branch of the left circumflex artery, 
photodensitometric scanning of radioautograms was performed. The procedure revealed symmetric profiles of 
decreasing blood flow from each normal margin to the center of the infarct in the transverse plane and an asym- 
metric profile of decreasing blood flow from the epicardium to the center of the infarct and a subsequent in- 
crease near the endocardial surface in the transmural plane. Comparative analysis of radioautograms with cor- 
responding adjacent histologic sections showed that myocardial necrosis was first evident at an average blood 
flow reduction of 45.2 + 3.2 percent of normal values. A border zone of intermediate flow reduction that aver- 
aged 4.5 + 0.5 mm and encompassed 30.4 + 3.0 percent of total ischemic zone width was observed 24 hours 
after infarction. The size of the myocardial infarct in these experiments was approximately 40 percent of that 
of the ischemic zone. Determination of blood flow derived exclusively from collateral vessels was not possible 
with this technique. . 


Continued on page A17 
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1 In the hypertensive patient, 1.06 grams of 
retained sodium* can cause a 300 ml. expan- 
sion of fluid volume, which can increase blood 
volume by 100 ml., or 2%. 


A chronic 296 increase in blood volume can 
lead to as much as a 24 to 46 mm. Hg 
increase in diastolic blood pressure. * 





@ Diuretics reduce blood pressure by blocking 
Ww therenal retention of sodium and water. To 
assure continuous control of hypertension, many 
leading medical authorities have concluded that 
this action should be sustained around the clock ?? 


Hygroton blocks sodium retention longer than any 
other diuretic available. 


m practice, Hygroton once-a-day assures sim- 
plicity, convenience and compliance without sacri- 
ficing 24-hour natriuretic activity. 
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„(chlorthalidone USP) 
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BRIEF SUMMARY 
Indications: Hypertension, adjunctive therapy in edema 


Contraindications: Anuria, hypersensitivity to chlorthalidone or 
other sulfonamide-derived drugs. 


Warnings: Should be used with caution in severe rena! disease, 
impaired hepatic function or progressive liver disease. May add to 
or potentiate the action of other antihypertensive drugs Sensitivity 
reactions may occur in patients with a history of allergy or 
bronchial asthma. Thiazides cross the placental barrier and 
appear in cord blood. Use in pregnant women requires that the 
anticipated benefits of the drug be weighed against possible 
hazards to the fetus. These hazards include fetal or neonatal 
jaundice, thrombocytopenia, and possibly other adverse 
reactions which have occurred in the adult. In nursing mothers, 
thiazides cross the placental barrier and appear in breast milk. If 
use of the drug is essential, the patient should stop nursing 


Precautions: Periodic determination of serum electrolytes to 
detect possible electrolyte imbalance should be performed at 
appropriate intervals. All patients receiving chlorthalidone should 
be observed for clinical signs of fluid or electrolyte imbalance; 
namely, hyponatremia, hypochloremic alkalosis, and 
hypokalemia. Serum and urine electrolyte determinations are 
particularly important when the patient is vomiting excessively or 
receiving parenteral fluids. Medication such as digitalis may also 
influence serum electrolytes. Hypokalemia may develop with 
chlorthalidone as with any other potent diuretic, especially with 
brisk diuresis, when severe cirrhosis is present, or during 
concomitant use of corticosteroids or ACTH. Interference with 
adequate oral electrolyte intake will also contribute to 
hypokalemia. Digitalis therapy may exaggerate metabolic effects 
of hypokalemia especially with reference to myocardial activity 
Any chloride deficit is generally mild and usually does not require 
specific treatment except under extraordinary circumstances (as 
in liver disease or renal disease). Dilutional hyponatremia may 
occur in edematous patients in hot weather. Hyperuricemia may 
occur or gout be precipitated in certain patients. Insulin 
requirements in diabetic patients may be increased, decreased, 
or unchanged and latent diabetes mellitus may become manifest 
Chlorthalidone and related drugs may increase the 
responsiveness to tubocurarine. The antihypertensive effects of 
the drug may be enhanced in the postsympathectomy patient 
Chlorthalidone and related drugs may decrease arterial 
responsiveness to norepinephrine. If progressive renal 
impairment becomes evident, as indicated by a rising nonprotein 
nitrogen or blood urea nitrogen, a careful reappraisal of therapy IS 
necessary with consideration given to withholding or 
discontinuing diuretic therapy. Chlorthalidone and related drugs 
may decrease serum PBI levels without signs of thyroid 
disturbance 


Adverse Reactions: Anorexia, gastric irritation, nausea, vomiting, 
cramping, diarrhea, constipation, jaundice (intrahepatic 
cholestatic jaundice), pancreatitis; dizziness, vertigo 
paresthesias, headache, xanthopsia; leukopenia, 
agranulocytosis, thrombocytopenia, aplastic anemia; purpura, 
photosensitivity, rash, urticaria, necrotizing angiitis (vasculitis) 
(cutaneous vasculitis), Lyell's syndrome (toxic epidermal 
necrolysis). Orthostatic hypotension may occur and may be 
aggravated by alcohol, barbiturates or narcotics Other adverse 
reactions include hyperglycemia, glycosuria, hyperuricemia, 
muscle spasm, weakness, restlessness, impotence. Whenever 
adverse reactions are moderate or severe, chlorthalidone dosage 
should be reduced or therapy withdrawn. 


Usual Dose: One tablet daily. 


How Supplied: Tablets— 100 mg. (white, peered and 50 mg 
(aqua) in bottles of 100 and 1000; PAKs of 28 tablets, boxes of 6 
unit-dose blister packs, boxes of 100 (10 x 10 strips) 


References: 

1. Guyton, A.C.: Regulation of arterial pressure: ll. The renal-body 
fluid system for long-term pressure control. Mechanisms of 
hypertension, in Textbook of Medical Physiology, Philadelphia, 
Saunders, 1976, p. 281. 2. Kaplan, N.: Treating hypertension: The 
results are in, in Mandates Hypertension (Kaplan, N.M., ed.), 

New York. Medcom, 1976, p. 6. 3. Finnerty, F.A., Jr Hypertension 
The Continuing Challenge, Scientific Exhibit, Meeting oFRAAFP, 
Boston, Mass., Sept. 20-23, 1976. 4. Fries, E.D.: The treatment of 
hypertension: Why, when and how, in Hypertension Manual 
(Laragh, J.H., ed.), New York, Dun-Donnelley, 1974, p. 751. * 


5. Tarazi, R.C.: Modern concepts in diuretic therapy, Postgrad. 
Med. 56:37, 1974 | 
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Our users tell us about many things they like in their E for M Cath Lab Computer 
System, such as — 
e Ventriculography results are available in-lab. 
e Hemodynamic calculations are done with an accuracy and reliability they 
found hard to get manually. 
Waveforms and calculated results are displayed and permanently stored. 
Extensive editing facilities permit introduction of personal judgment. 
Latest generation software provides some unique capabilities such as shunt 
calculations based on the tentative diagnosis of congenital anomaly. 
The computer-accessible cardiac Gata base greatly simplifies cross- 
population and other statistical studies. 
But the part our users like most is getting all their reports written by the 
computer, to their specifications, immediately after the procedure is finished. 
If you are thinking about a computer for your cath lab, it will pay you to talk with 
us. Call your local Efor M representative, or our computer group in Sudbury, 
Massachusetts, 617-443-9969. 


ELECTRONICS FOR MEDICINE, INC. 
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76 Effects of Tocainide on Ventricular Fibrillation Threshold 


INGELA SCHNITTGER, JERRY C. GRIFFIN, ROGER J. HALL, PETER J. MEFFIN and ROGER A. WINKLE. 
With the technical assistance of FLORA PETERS and ROBERT KERNOFF 


In this dog experiment, tocainide, a primary amine analog of lidocaine, significantly increased the right ventricu- 
lar fibrillation threshold, but this increase was less than that observed at clinically tolerated lidocaine plasma 
concentrations. These animal data suggest that there may be advantages in continuing drug administration be- 
yond the point when ventricular ectopic complexes are suppressed or minimal, or average "therapeutic" plas- 
ma concentrations are achieved. They also support the clinical concept that greater lidocaine concentrations 
are more protective against ventricular fibrillation. 


82 Left Ventricular Function in Exercise-Induced Hypertrophy in Dogs 
THOMAS E. CAREW and JAMES W. COVELL 


Results in this study of left ventricular function and diastolic compliance in 10 average exercise-trained grey- 
hounds with left ventricular hypertrophy suggest that neither isovolumic phase nor ejection phase indexes of 
contractility are altered in the hypertrophic heart of the greyhound under resting conditions. Under the stress of 
volume load of dextran, the hypertrophic greyhound heart showed essentially the same response with regard to 
ejection phase and isovolumic phase contractility indexes as the hearts of normal dogs. With volume load there 
was no significant change in mean velocity of circumferential fiber shortening in either group, but maximal first 
derivative of left ventricular pressure (dP/dt) increased about 10 percent in both groups. The pronounced in- 
crease in heart rate of 75 percent above resting levels seen during volume loading was perhaps the most striking 
hemodynamic indication of the effects of race conditioning in the greyhounds. This study supports the view that 
“physiologic hypertrophy”’ represents a useful adaptation to repetitive strenuous exercise. Exercise-induced hy- 
pertrophy, as found in these greyhounds, represents a physiologic adaptation and can be considered a variant 
of normal. 


METHODS 


89 Problems in Ultrasonic Estimates of Septal Thickness 
JOHN W. ALLEN, SUN JUNE KIM, W. ALLAN EDMISTON and K. VENKATARAMAN 


These data from studies in a cadaver model and 13 patients indicate that both endocardial misidentification and 
anatomic variation in septal thickness should be considered in reporting septal thickness measurements, espe- 
cially when echocardiographic findings do not coincide with other clinical data. In this study, echographic con- 
trast agents delineate an endocarcial echo in the central portion of the ultrasonic beam. A specular (mirror-like) 
reflector exists within the right ventricular cavity and specular reflection within the septum may give a false im- 
pression of border-forming echoes. Spurious echoes, relating to a wide beam angle, can be confused with the 
endocardial echo. With use of the notch in the left septal echo, the specular quality of the right septal echo and 
the association of multiple myocardial echoes moving in parallel as criteria for endocardial echographic identifi- 
cation, the endocardial echoes in 11 of the 13 patients could be accurately identified without the use of a con- 
trast agent. 


PEDIATRIC CARDIOLOGY 


97 Cerebrovascular Abnormalities in Postoperative Coagctation of Aorta 


MICHAEL G. SAALOUKE, LOWELL W. PERRY, DAVID L. BRECKBILL, STEPHEN R. SHAPIRO and 
LEWIS P. SCOTT Ill 


As shown in this study of 15 children, patients with central nervous system symptoms and a disparity of blood 
pressure in the arms after surgery for coarctation of the aorta should be carefully evaluated to exclude subcla- 
vian steal as the cause of their symptoms. In this group, four children manifesting central nervous system symp- 
toms postoperatively and greater blood pressure in the right arm than in the left showed evidence of subclavian 
steal, with retrograde filling of the left ventricle and left subclavian arteries on selective right vertebral arteriog- 
raphy. Ligation of the left vertebral artery in three patients and left subclavian graft arterioplasty in one patient 
eliminated the neurologic symptoms, including persistent headaches, exercise-induced hemianopsia qnd major 
motor seizures. Surgery is not recommended for the asymptomatic patient. Spontaneous recovery as a result 
of development of adequate collateral vessels can occur in many patients. 


Continued on page A19 
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102 Congenital Aortic Stenosis Secondary to Dysplasia of Congenital Bicuspid Aortic Valves Without 
Commissural Fusion 


MELVIN D. CHEITLIN, JOHN J. FENOGLIO, HUGH A. McALLISTER, Jr., JAMES E. DAVIA and 
CARLOS M. DeCASTRO 


In the hearts of nine children with clinical evidence of congenital valve stenosis and a congenital aortic valve, 
the two commissures of the valve were free to the aortic cusp. The cusps were thickened, rolled and redundant. 
On microscopic examination they consisted of loose connective tissue consistent with a dysplastic or incom- 
pletely differentiated valve. The valve orifice was obstructed by the dysplastic cusps, and dysplastic changes 
rather than the commissural fusion were responsible for the observed aortic stenosis. Clinically, especially at 
the time of surgery, it is important to distinguish the dysplastic bicuspid or tricuspid aortic valve with normal 
commissures from the unicommissurai or acommissural aortic valve. Severe aortic stenosis in patients with a 
dysplastic bicuspid aortic valve, as in these children, is secondary to the thickened redundant aortic cusps rather 
than to commissural fusion or absence of commissures. Valvotomy probably offers little relief in these pa- 
tients. 


108  Echocardiographic Features of Total Anomalous Pulmonary Venous Drainage Into the Coronary Sinus 
KALIM U. AZIZ, MILTON H. PAUL, SAROJA BHARATI, MAURICE LEV and KATHLEEN SHANNON 


Echocardiograms in five infants with total anomalous pulmonary venous drainage into the coronary sinus and in 
one child with a secundum atrial septal defect and a large coronary sinus demonstrate that an enlarged coronary 
sinus is positioned constantly posterior to the left atrium in approximately the same horizontal plane as the aortic 
valve. Echocardiogaphically, the coronary sinus can be located as an echo complex behind the left atrium by 
using the aortic root as a reference point. The additional demonstration of the enlarged common pulmonary ve- 
nous chamber behind the right atrium confirms the diagnosis of anomalous pulmonary venous drainage to the 
coronary sinus. 


EPIDEMIOLOGY 


114 Death From Ischemic Heart Disease in Young Finns Aged 15 to 24 Years 
KIMMO KOSKENVUO, MARTTI J. KARVONEN and VILJO RISSANEN 


Ischemic heart disease was diagnosed as the cause of death in 34 young Finns who died at age 15 to 24 years. 
Autopsy in 19 cases showed a stenosing process in the coronary arteries of 17 patients. Among 15 to 19 year 
olds the stenosis was generally ostial and nonsclerotic; ostial stenosis was found in half of this group. After age 
20 atherosclerosis was the major cause of coronary stenosis. There appear to be few opportunities to predict 
sudden death from ischemic hear: disease among the young. Sudden death often occurs during or immediately 
after physical exertion. Three of the four subjects with ostial stenosis had a history of symptoms, arrhythmias or 
chest pain. These results suggest that in men under age 20 years, death from ischemic heart disease arising 
from stenosing coronary atherosclerosis is rare, but by age 25 the natural course of coronary atherosclerosis 
begins to take its first victims. 


119  Remission of Clinical Angina Pectoris: the Framingham Study 
WILLIAM B. KANNEL and PAUL D. SORLIE 


In this group of 74 men and 84 women with newly acquired angina uncomplicated by other manifestations of cor- 
onary heart disease, remission cf new angina for at least 2 years occurred in 32 percent of the men and 44 per- 
cent of the women. In angina that had persisted for several years, the subsequent remission rates were lower. 
Persistence of symptoms indicates a more severe form of the disease characterized by nonspecific S-T seg- 
ment or T wave abnormalities and a greater incidence of myocardial infarction and death than in subjects with 
transient angina. These results indicate a need for more detailed routine studies to exclude other possible 
causes of chest pain in such subjects with remittent angina. The mechanism responsible for the disappearance 
of angina is not well established. Such disappearance of angina is probably more often the result of a decrease 
in demand on the heart as the patient learns to live within his exercise tolerance than of the development of col- 
lateral circulation to compensate for the compromised circulation to the ischemic segment of myocardium. 
Continued on page A21 
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124 Disease of the Left Main Coronary Artery. Surgical Treatment and Long-Term Follow-Up in 267 j 
Patients 


JOSE B. FARINHA, MARVIN A. KAPLAN, CLIFFORD N. HARRIS, EDWARD F. DUNNE, 
RONALD A. CARLISH, JEROME HAROLD KAY and SAMUEL BROOKS 


Saphenous vein bypass graft surgery was performed with an operative mortality rate of 7 percent in 267 patients 
with left main coronary arterial narrowing. In these patients there was a 92.2 percent survival rate at 1 year, and 
a rate of 91, 89 and 86 percent at 2, 3, and 4 3/4 years, respectively. Seventy-five percent of patients were an- 
gina-free, and 22.4 percent had less angina. Of 128 grafts in 51 patients, 85 percent remained patent. These re- 
sults indicate improved survival and reduced symptoms after saphenous vein bypass graft surgery in patients 
with left main coronary arterial narrowing. In patients with left main coronary artery disease, angiographic evalu- 
ation is within acceptable risk limits, and coronary bypass grafting is the treatment of choice. 


129  Pharmacokinetics and Bioavailability of Digoxin Capsules, Solution and Tablets After Single and 
Multiple Doses 


BRIAN L. LLOYD, DAVID J. GREENBLATT, MARCIA D. ALLEN, JEROLD S. HARMATZ and 
THOMAS W. SMITH 


As shown in 12 healthy male volunteers, the bioavailability of digoxin capsules is equivalent to that of a solution 
and significantly greater than that of a reference tablet formulation. Using a slow intravenous infusion as the ref- 
erence standard for 100 percent systemic availability, the investigators found that the systemic availability of the 
capsule preparation was significantly less than 100 percent. No striking or consistent difference was found 
among oral preparations in within- or between-subject coefficients of variation of systemic availability after in- 
gestion of either single or multiple doses. Peak plasma digoxin levels after ingestion of the various oral prepara- 
tions tended to be highest with the digoxin capsules. 


CASE REPORTS 


137 Three Cases of Hypotension and Syncope With Ventricular Pacing: Possible Role of Atrial Reflexes 
CARLO ALICANDRI, FETNAT M. FOUAD, ROBERT C. TARAZI, LON CASTLE and VICTOR MORANT 


As shown in three patients, syncope or severe lightheadedness, or both, can occur despite adequate ventricular 
pacing as a result of lower arterial pressure related to loss of effective atrial contraction and failure of the normal 
compensatory response of peripheral resistance rather than to changes in cardiac output alone. Hemodynamic 
studies in three patients during effective ventricular pacing demonstrated a decrease in cardiac output ranging 
from almost no decrease to 15 percent. The coincidence of a decrease in arterial pressure during atrioventricu- 
lar dissociation with the recording of cannon waves in atrial tracings suggests that the paradoxic behavior of pe- 
ripheral resistance may be related to an atrial reflex. When the atrium contracts against a closed valve, a mo- 
mentary vasodilating reflex can be induced by stimulation of some atrial A vagal receptors. Arterial pressure 
during atrioventricular dissociation thus appears to be balanced by two opposite reflexes: the baroceptor reflex, 
which attempts to compensate for reduction in output, and atrial distension, which reduces peripheral resis- 
tance. ° 


143 Cardiac Sarcoidosis. Diagnosis With Endomyocardial Biopsy and Treatment With Corticosteroids 
BEVERLY LORELL, EDWIN L. ALDERMAN and JAY W. MASON 


This interesting case of a 27 year old black housewife hospitalized for progressive dyspnea, fatigue and retro- 
sternal chest pain illustrates the problem of diagnosing cardiac sarcoidosis in the absence of other organ in- 
volvement. The use of percutaneous transvenous endomyocardial biopsy permitted the diagnosis of cardiac sar- 
coidosis and the initiation of corticosteroid therapy. With steroid therapy the patient's dyspnea and radiographic 
and echographic measures of ventricular performance improved. It is important to suspect cardiac sarcoidosis 
in young adults with cardiomyopathy, conduction disturbances or other electrocardiographic abnormalities. In A 
such cases in which cardiac sarcoidosis is strongly suspected, multip rdial biopsy specimens may 
increase the diagnostic specificity of the procedure. | 
Continued on page A22 ; 
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Lack of Connection Between the Atria and the Peripheral Conduction System in a Case of Corrected 

Fransposition With Congenital Atrioventricular Block 
SAROJA BHARATI, CAROLYN M. McCUE, JON B. TINGELSTAD, MICHAEL MANTAKAS, FERGUS SHIEL Ae 
and MAURICE LEV = 


This infant, the first of premature twins born to a 33 year old white woman, died 2 weeks after birth and was 


` ` found at autopsy to have corrected transposition of the great vessels and congenital atrioventricular (A-V) block e 


with no connection between the atria and an anterior type of conduction system. Fibrosis and calcification re- 
placed the absent atrial musculature. The pathogenesis of this lesion is unknown but may possibly be related to 
connective tissue dysplasia in the mother who had positive rheumatoid factor but who was asymptomatic. De- 
spite poor contractility of the ventricle, mild mitral regurgitation and a patent foramen ovale, the second twin 


? 
continues to thrive at age 2 years. « 
EDITORIALS 


Coronary Bypass Surgery Weighed in the Balance d. 
FLOYD D. LOOP, WILLIAM L. PROUDFIT and WILLIAM C. SHELDON 


Evaluation of the Efficacy of Coronary Bypass Surgery —l 
HERBERT N. HULTGREN, TIMOTHY TAKARO, KATHERINE M. DETRE and MARVIN L. MURPHY. For the partici- 


pants in the Veterans Administration Cooperative Study 


Evaluation of the Efficacy of Coronary Bypass Surgery —Il 
EUGENE BRAUNWALD 
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1958 


Siemens-Elema introduced the first im- 
plantable pacemaker designed by Dr. 
Elmquist and implanted by Dr. Senning 
at the University Hospital Karolinska, 
Stockholm. 

Since then, Siemens-Elema's en- 
gineers have continuously, in coopera- 
tion with foremost cardiologists and 
surgeons, developed reliable products 
to be known worldwide. 


1962 


Siemens-Elema introduced a long-term 
transvenous lead, which became known 
as an extremely reliable Elema en- 
docardial lead. 


1965 


Siemens-Elema introduced an implant- 
able atrial triggered pacemaker. 


1971 


The variopacemaker was introduced. 
The variofunction made it possible to 
measure non-invasive the stimulation 
threshold for the implantable pacemaker 
system. 


1974 


Siemens-Elema introduced a pace- 
maker with a Lithium battery, devel- 
oped for long-term stimulation. 


1978 


Two of our current products, the lithium 
powered pacemaker 217/70 and the bal- 
loon lead, are described and illustrated 
above. 








LITHIUM POWERED 
IMPLANTABLE PACEMAKER 


% Theoretical life expectancy of more 
than 11 years. (Calculated under worst 
case 100% stimulation.) 


%¥ Constant basic rate during service of 
mam m gr ELE I AN | i life. 
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X Test rate decreases from 100 imp/min 
to 85 imp/min at recommended 
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ENDOCARDIAL BALLOON LEAD 
FOR PERMANENT PACING 


% The balloon at the tip will reduce the 
possibility of dislocation. 


% Balloon inflated with contrast medium 
will make visualization of the lead 
during and after implantation easier 
on fluoroscope. 


Call collect or write for descriptive 
literature: 


Please send descriptive literature 
O Complete Pogram 
O Lithium Pacemaker 217/70 


O Balloon Lead 289 
(J Please call me for a demonstration 














JC-7 World Headquarters e Pacemaker Division e S17195, Soina, Sweden 


i 

i 

I 

I 

| 

| 

| 

| 

| 

i NAME 

| 

| 

ADDRESS 

i 

| CITY 

I 

| STATE ZIP PHONE ( ) 

I 

I . 

| SIEMENS-ELEMA 
i U.S. Pacemaker Division e Elema-Schonander, Inc. 
- Box 128 e Elk Grove Village, Illinois 60007 € 312/640-6460 
I 

I 


Prescribe Tunturi exercise for your patients. 
Work is measured ina watt load range of 25 to 
300wat50rpm. The Tunturiisquiet, affordable 
and portable, with quality Firnish construc- 
tion. it’s rehabilitation your patients can live 
with. 
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PRONESTYL* TABLETS (Procalnamide Hydrochloride Tablets) 
PRONESTYL* CAPSULES (Procalnamide Hydrochloride Capsules U.S.P.) 


The prolonged administration of procainamide often leads to the 
development of a positive anti-nuclear antibody (ANA) test with or 
without symptoms of lupus erythematosus-like syndrome. If a positive 
ANA titer develops, the benefit /risk ratio related to continued pro- 
cainamide therapy should be assessed. This may necessitate consid- 
erations of alternative anti-arrhythmic therapy. 


DESCRIPTION: Pronestyl (Procainamide Hydrochloride) is the amide 
analogue of procaine hydrochloride and is available for oral adminis- 
tration as capsules and veneer-coated tablets providing 250 mg., 375 
mg., and500 mg. procainamide hydrochloride. 
CONTRAINDICATIONS: In patients with myasthenia gravis and where a 
hypersensitivity to procainamide exists; bear in mind cross sensitivity to 
procaine and related drugs. Should not be given to patients with com- 
plete atrioventricular heart block. Contraindicated in cases of second 
degree and third degree A-V block unless an electrical pacemaker is 
operative. 

ADMINISTRATION: Should procainamide therapy be continued for any 
appreciable period, electrocardiograms should be made occasionally to 
determineitsfurther need. 

PRECAUTIONS: Evidence of untoward myocardial response should be 
carefully watched for in all patients. In the presence of myocardial dam- 
age with atrial fibrillation or flutter, the ventricular rate may increase 
suddenly as the atrial rate is slowed; adequate digitalization reduces but 
does not abolish this danger. Ventricular tachysystole is particularly 
hazardousif myocardial damage exists. 

The dislodgment of mural thrombi producing an embolic episode may 
occur in correcting atrial fibrillation due to the forceful contractions of 
the atrium. 

Extreme caution is required in attempting to adjust the heartrate when 
ventricular tachycardia has occurred during an occlusive coronary epi- 
sode or where the use of procainamide may result in additional depres- 
sion of conduction and ventricular asystole or fibrillation as in second 
degree and third degree A-V block, bundle branch block, or severe 
digitalisintoxication. 

Bear in mind when treating ventricular arrhythmias in patients with 
severe organic heart disease and ventricular tachycardia that complete 
neart block, which may be difficult to diagnose, may be present. Since 
asystole may result if the ventricular rate is significantly slowed without 
attainment of regular atrioventricular conduction, procainamide should 
be stopped and the patient re-evaluated. 

In the presence of both liver and kidney damage, normal dosage may 
produce symptoms of overdosage—principally ventricular tachycardia 
andsevere hypotension. 

A syndrome resembling lupus erythematosus has been reported with 
maintenance procainamide therapy. Common symptoms are polyarth- 
ralgia, arthritis and pleuritic pain. Fever, myalgia, skin lesions, pleural 
effusion and pericarditis may also occur. Rare cases of thrombocyto- 
penia or Coombs-positive hemolytic anemia, possibly related to this 
syndrome, have been reported. Measure anti-nuclear antibody titers at 
regular intervals in patients on procainamide for extended periods of 
time or in whom symptoms suggestive of lupus-like reaction appear; in 
event of rising titer (anti-nuclear antibody) or clinical symptoms of LE, 
assess the benefit/risk ratio related to continued procainamide therapy 








. (see boxed Warning). Steroid therapy may be effective if discontinuation 
_ of procainamide does not cause remission of symptoms. If the syndrome 
| develops in a patient with recurrent life-threatening arrhythmias not 
' otherwise controllable, steroic-suppressive therapy may be used con- 


comitantly with procainamide. 

ADVERSE REACTIONS: Hypotension is rare with oral administration. 
Serious disturbances of cardiac rhythm such as ventricular asystole or 
fibrillation are more common with I.V. administration 

Large oral doses may sometimes produce anorexia, nausea, urticaria, 
and/or pruritus. 

A syndrome resembling lupus erythematosus has been reported (see 
Precautions). Reactions consisting of fever and chills have been re- 
ported, including a case with nausea, vomiting, abdominal pain, acute 
hepatomegaly, and a rise in serum glutamic oxaloacetic transaminase 
fellowing single doses of the drug. Agranulocytosis has been occasion- 
ally reported following repeated use of the drug, and deaths have oc- 
curred. Therefore, routine blood counts are advisable during 
maintenance procainamide therapy; and the patient should be in- 
structed to report any soreness of the mouth, throat, or gums, unex- 
piained fever or any symptoms of upper respiratory tract infection. If any 
5! these symptoms should occur and leukocyte counts indicate cellular 
depression, procainamide therapy should be discontinued and appro- 
»riate treatment should be instituted immediately. Bitter taste, diarrhea, 
weakness, mental depression, giddiness, psychosis with hallucinations, 
and hypersensitivity reactions such as angioneurotic edema and macu- 
apapular rash havebeen reported. 

The package insert should be read carefully to become familiar with 
he recommended dosage for the indicated conditions and for full pre- 
scribinginformation. 
40OW SUPPLIED: Pronestyl Tablets (Procainamide Hydrochloride Tab- 
ets) and Pronestyl Capsules (Procainamide Hydrochloride Capsules 
J S.P.) providing 250 mg., 375 mg., and 500 mg. are available in bottles of 
60 and Unimatic* single-dose packaging in cartons of 100. The 250 mg. 
1nd 500 mg.tabletsand capsules are also available in bottles of 1000. 
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life-threatening arrhythmias 


Documented effectiveness in ventricular 
arrhythmias; indicated for certain atrial 
arrhythmias as well. 


Backed by 26 years of clinical experience; 
over 15,000,000 prescriptions written! 
Extensively used and studied in posc-MI 
patients. 


Compatibility with other cardiovascular 


Three oral strengths (250mg, 375mg, 
500mg) for dosing flexibility: 
available in easy-to-swallow 

veneer coated tablets. 


See preceding page 
for brief summary. 
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The Remarkable 3038/2 ECG: 
Which way do you see it? 


When an ECG packs multiple-use 
flexibility like our 3-channel Model 
3038/2, there’s no one way to define 
the diagnostic job it can do. It all de- 
pends on — your budget, the options 
you choose, the way you see your 
needs. 


The Workhorse ECG 

So when it’s used as a mobile, stand- 
alone 3-channel ECG, you may see it 
as the state-of-the-art workhorse 

for day-in, day-out use. Many people 
do. The physician, forexample, sees 
itin terms of unmatched recording 


fidelity with superior technical specs. 


The technician — in terms of com- 
pactness, maneuverability and easy 
drop-in paper loading. And the ad- 
ministrator, as the optimum blend of 
economy and easy serviceability. 


The Stress Test ECG 

Or perhaps you see itas a way to 
eliminate the costly duplication of 

a dedicated stress test system. For 
unmatched flexibility, you can team 
it with your choice of two types of 
monitors, three different treadmills 
and either manual treadmill controls 
or automatic test control. When the 
full modular system's not in use, just 
disconnect the 3038/2 for stand-alone 
ECG use and get the best of both 
worlds. 


The Expandable ECG 

On the other hand, you may simply 
want room to grow. You might want 
the Heart-sound/Pulse-wave unit 
installed to simultaneously record 
phono, pulse and ECG data. Or you 
might want the computer phone 
terminal to give you an instant entree 
to computerized diagnosis. Either 
way, its your option. To see how the 
3038/2 suits your needs best, write 
or call: Cambridge Instrument 
Company, Inc., 73 Spring Street, 
Ossining, NY 10562. (914) 941-8100 


Cambridge 
Instrument 
Company, Inc. 


first in electrocardiography 
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*Indications: Based on a review of this drug by the National Academy of 
Sciences — National Research Council and/or other information, F DA has 
classified the indications as follows: 

baby eetve When taken by the sublingual or chewable route, 
lsordit Sublingual and Chewable Tablets are indicated for the treatment of 
acute anginal attacks and for prophylaxts'in situations likely to provoke 
such attacks. sp cam 

"Possibly" effective: Whentaken by 4e oral route, Isordil is indicated for 
the relief of angina pectoris (pain-of'eeronary-artery. disease). It is not in- 
tended to abort the acute anginal episode, but is widely regarded as 
useful in the prophylactic treatment ot angina pectoris. 

Final classification ef the less-than-effective indications requires further 
investigation 


Contraindication: Idiosyncrasy to this drug. 


Warnings: Data supporting the useof nitrites duringethe early days of the 
acute phase of myocardial infarction (the period during which clinical and 
laboratory findings are unstable) are insufficient to establish safety. 


Precautions: Tolerance to this drug anc cross-tolerance to other nitrites and 


+ nitrates may occur. 


The established use of Isordil in the manage- 
ment of angina pectoris for more than two . 
decades has often been ascribed only to the vaso- 
dilatation it produces in the coronary arteries. 
Recent investigations, however, suggest that an . 
even more important effect of this agent i$ to 
dilate peripheral arteries and veins. Arterial dila- 
tation lowers impedance to left ventricular ejec- 
tion, reducing afterload. Venous dilatation leads 
to venous pooling and a fall in right and left ven- 
tricular filling pressure, thus reducing preload. 


With afterload and preload reduced, the 
amount of energy expended and oxygen con- 
sumed by the heart should be decreased. Isordil 
canthus reduce myocardial oxygen requirements 
and relieve or prevent attacks of angina pectoris. 
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to abort orfifevent ‘\for.more accurate i| to provide \ 
acute"angina attacks titration of dosage to || | sustained À 
"ISORDIL* SUBLINGUAL prevent angina attacks | | prophylaxis — \ 
Sublingual Tablets, 2:5 mg and 5 mg ISORDIIS. TITRADOSE* * fel against angina — 
ISORDIL? CHEWABLE Oral Tablets with E.Z. Split? scoring: d ' ISORDIL® TEMBIDS® Capsules . 
Chewable Tablets, 10 mg 5 mg, 10mg, and 20 mg 3 Sustained-Action Capsules, 40 mg 


M nd tm $ PMs sa > 
Adverse Reactions: Cutaneous vasodilation with flushing. Headache is com 


“mon and may be severe and persistent. Transient episodes of dizziness and 


weakness as well as/other signs of cerebral [owe associated with 
postural hypotensióm'may occasionally develop. This drug can act as a 
physiological antaggnist to norepinephrine, acetylcholine, histamine, and 
many other agents; An occasional individual exhibits marked sensitivity to 
the hypotensive effects of nitrite, and severe responses (nausea, vomiting, 
weakness, restlésSness, pallor, perspiration and collapse) can occur even 
with the usual therapeutic dose. Alcohol'may enhance this effect. Drug rash 
and/or exfoliative dermatitis. may occasionally occur 


Consult direction circular before prescribing. 


May we send you reprints, detailed information and Jor professional d 


samples? 
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BRIEF SUMMARY OF PRODUCT INFORMATION 
BALLOON WEDGE PRESSURE CATHETERS 








CHICAGO indications: For sampling blood for oxygen levels and measuring pressures 
in the right heart, including central venous. right ventricular, pulmonary 
Wyman Carey artery. and pulmonary artery wedge pressure. Also indicated in anatomical 
3 1 2 - 648 - 5882 cardiac defect cases to sample blood and measure pressuresin any chambers 
3 ? 2 South R iverside Plaza that can be entered from the night heart. Warning: Pulmonary artery perfora- 
tion, thrombosis, segmental pulmonary infarction, transient obstruction of 
Chicago, Hl 60606 the pulmonary outflow by the inflated balloon, balloon rupture without 
serious sequelae, premature ventricular contractions, and knotting of the 
catheter have been reported as complications of the use of balloon catheters 
DALLAS Balloon rupture with possible latex embolus is a potential complication in 
the use of balloon catheters. Precaution: In pressure monitoring at bedside 
Dick Eldredge when catheter has been introduced in an antecubital vein, patient s arm 
; 2 1 4-270-6461 should be immobilized to reduce the possibility of catheter advancement due 
to arm motion 
1580 Eastgate Drive. Suite 315 BERMAN ANGIOGRAPHIC CATHETER 
Garland, Texas 7 504 ] : indications: For use in right-heart catheterization for cardiac angiography 
« pulmonary angiography, and measurement of right-hħheart and pulmonary 
: artery pressures. It can be used to inject radiopaque media and measure 
ATLANTA pressures in any chambers and vessels that can be entered from the right 
heart. Warnings: Angiograms should be done with balloon inflated to mini- 
Robert H Powell Jr mize myocardial staining. When injecting radiopaque media, do not exceed 
404-633-8296 stated maximum flow rate and pressure. Transient obstruction of the pul 
monary outflow tract, balloon rupture without serious sequelae, premature 
P O Box 4908 7 ventricular contractions, and knotting of catheters are reported complications 
Atlanta Ga 30359 of the use of balloon catheters. Balloon rupture with possible latex embolus 
is a potential complication in the use of balloon catheters. Precaution: Manip 
ulate catheter carefully and gently to avoid kinking or knotting 
LOS ANGELES BIPOLAR TEMPORARY PACING W/STYLET AND BALLOON 
Agatha Dory TEMPORARY PACING CATHETERS 
— 913-559-5111 Indications: For temporary transvenous cardiac pacing when impulse forma- 
, tion or conduction is impaired. Warnings: Myocardial perforation, fibrillatior 
e. 1801 S. La Cienaga Blvd. and arrhythmia, pulmonary embolism, thrombus formation, and infection are 
* general complications of transvenous pacing. Balloon rupture with possible 
Los Angeles, Calif. 90035 latex embolus., vessel perforation, and intimal disruption are potential com 


plications of use of balloon temporary pacing catheters. With the trans 


SAN FRANCISCO brachial approach, malpositioning and perforation occur more frequently 
due to arm movement. Pneumothorax. air embolism, and puncture of the 


Scott B Hubbard subclavian artery have been reported with the subclavian approach. Pre- 
cautions: Avoid kinking or bending catheter to prevent damage to internal 
7 4 1 5- 98 1 -2 594 wires or occlusion of inflation lumen (in balloon pacing catheter). Maintain 
582 Market Street insertion site with regular meticulous redressing performed with aseptic 
San Francısco Calif 94 1 04 technique. Remove stylet from Bipolar Pacing Catheter after it is in position 


because leaving stylet in situ increases the potential for perforation 


FOR BALLOON CATHETER USE, IN GENERAL 


\ General Warnings: Carbon dioxide must be used to inflate balloon if there IS 
\ Member a possibility that balloon rupture would result in air embolism in the left heart 


J- American or systemic circulation. Do not inflate balloon beyond stated maximum 
REI) 
^ 


inflation capacity. Exercise care when passing catheters in patients with left 


\ Business "4 e bundle-branch block because right bundle-branch block induced by trau- 
/&\ P eN A matic catheter passage could result in complete heart block and asystole 
ress "Fecat. General Precautions: Do not use liquids as balloon-inflation media. Pass 
catheter with continuous cardiographic monitoring and fluoroscopic guid 
ance, and confirm final tip position by X-ray. Deflate balloon prior to with- 
drawing catheter to avoid possible valve damage. Use aseptic technique 
throughout procedure. All catheters are for single use only. Do not M ICT d] 
or reuse. Federal law (U.S.A. ) restricts these devices to sale by or on the 
order of a physician. Contraindication: Not for use except as indicated 


‘ 
: p uw A For complete use information, see the package insert. 
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in 


starts witha built-in tip. 


As you can see, the Extracorporeal 
tip is smooth, tapered, unruffled, 
suture free, no wider than the 
catheter itself. The benefits are 
built-in: 

e The introducer is the same size as 
the catheter.* Not larger. This 
means a smaller insertion hole 
and less likelihood of trauma and 
intimal damage. And it simplifies 
introducer selection. 

e Less blood is lost. Because the 
introducer is smaller and because 
the catheter fits it snugly the entire 
length of the catheter. 

e Our tapered tip has a larger 
lumen which reduces the likeli- 
hood of clotting and makes it 
easier to introduce drugs and 
dyes. 

e A smaller diameter catheter may 
be used, because a larger lumen 
also produces pressure measure- 
ments of a fidelity that can usually 


be matched only by a larger- 
diameter competitive catheter. 

e The tip is suture-free, eliminating 
clottiñg caused by the sutures’ 
irregular surface. 


Beyond the tip, a host 

of other benefits. 

e Inflation is more convenient 
because every Extracorporeal 
balloon catheter is packaged 
with an appropriately sized 

syringe. 

* Pure platinum electrodes for 
better electrical characteristics. 
Blood may alter the conductivity 
properties of stainless steel and 
cause inferior readings. That's 
why our balloon pacing catheters 
employ only inert platinum for 
electrodes. 

e High pressure tubing used in our 
Berman angiographic catheters 
perrnits higher pressures to be 


used to achieve better flow rates 


The Extracorporeal built-in tip, 
balloon deflated. 


Other manufacturer's bulon : 
tip, balloon deflated. 


when drugs or dye must be injected. 

® More sizes available. Especially in 
Berman angiographic and wedge 
pressure models. And we can 
supply custom catheters, too. 

* Even our package works hard 

` for you. Each catheter comes in its 
own sterile peel-pack that stores 
easily and has a fold down tab 
for quick identification. 

e Our new brochure has all the 
facts. Just let us know where you 
are and we'll send you one. Call 
your Extracorporeal representa- 
tive, or write or call us toll free: 
800-523-1740. 


*With one small exception—the Extracorporeal 4F 
size uses a 4-1/2 size introducer. 


extracorporeal 


Extracorporeal Medical Specialties, Inc. 
Royal & Ross Roads, King of Prussia, Pa. 19406 USA 215-337-2400 


In Europe: Extracorporeal S.A., 


*253 Ave. Winston Churchill, B- 1180 Brussels, Bergium 





How to Keep Up with 


Drug Interaction in 
Cancer Chemotherapy 


€ x Three authorities from 


woe 


Mgr nenas chemotherapeutic agents 


stt a leading medical center show 
Giotto you how to use the most current 


NS A SYNOPSIS OF 


F Mexbcal Gro 


— P 





At last a way to keep up with the bewildering prolifera- 
tion of new chemotherapeutic drugs which have 
come into use relatively recently. This just published 
guide will be valuable to every hospital, and every on- 
cology specialist, general internist, clinical pharma- 
cist, and nurse oncologist. 


A SYNOPSIS OF CANCER CHEMOTHERAPY is a 
concise, readily understandable “how to" manual. 


Developed originally for staff use at The New York 
Hospital-Cornell Medical Center, the concept proved 
so successful it was decided to make it available to 
other professionals. The new users of the SYNOP- 
SIS have the advantage of a proven, time-tested 
learning system. It is written in a unique, compact 
work-book style to keep reading time to a minimum. 


The reader can quickly find the 

following for both commercially 

available and investigational RICHARD T. SILVER, MD. F.A.C.P., F.A B.C.O 

d i Chief, Oncology Service, Div. Hematology-Oncology, 
"ugs. Clinical Professor o* Medicine, Cornell University Medical 

e Structure College, Attending Physician, New York Hospital, Exec 

e Mechanism of Action Officer, Cancer & Leukemia Group B 


e Pharmacokinetics R. DAVID LAUPER, Pharm. D 
e Toxicity Asst. Director for Education and Information, Pharmacy 
Dept., New York Hospital-Cornell Medical C&nter 


CHARLES |. JAROWSKI, MD 

Instructor in Medicine, Cornell University Medical College, 
Senior Chemotherapy Fellow, Div. of Hematology-Oncology. 
The New York Hospital 








e Therapy 
e Availability 


The chemotherapeutic agents in 
the main listing section cover 
these categories: 

® Alkylating Agents 

* Antimetabolites 


e | ibitor 
Mitotic Inhibitors Refer to it for chemotherapeutic drug information for a full 
* Antibiotics month. Then keep the book only if you want it for permanent 
* Miscellaneous (includes such reference. Otherwise simply return it and owe nothing. You 
drugs as Mithramycin, Nave nothing to lose and a whole world of valuable life-saving 
knowledge to gain. Order righ ! 
Mitotane, etc.) Be. f gen Order sight now 
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YORKE MEDICAL BOOKS asc 7/78 | 
666 Fifth Ave., New York, N.Y. 10019 





Use it for 30 days—FREE 


YES! Please send me a copy of A SYNOPSIS OF CAN- 
CER CHEMOTHERAPY at only $16.00. | may use the 
book for 30 days and if not completely satisfied, return it 
for full credit or refund. 


O Payment enclosed, publisher pays shipping cost. 


| g Bill me plus cost of shipping 
] Name RON TONES DEVE 
| BOISE Leo a ee: a piper Lars: ee eed) ene ipiius 
| DR de eek oe ee e State Zip 

| New York State residents add applicable sales tax 
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Peritrate" SA 


Sustained Action 

(pentaerythritol tetranitrate) 80 mg 

Peritrate" 

(pentaerythritol tetranitrate) 40 mg 

Peritrate" 

(pentaerythritol tetranitrate) 20 mg . 
Peritrate" 

(pentaerythritol tetranitrate) 10 mg 


CAUTION: Federal law prohibits dispensing without prescription. 
Description: Each tablet of Peritrate SA Sustained Action contains: 
pentaerythritol tetranitrate B0 mg (20 mg in immediate release layer 


and 60 mg in sustained release base). Each tablet of Peritrate 40 mg 


contains pentaerythritol tetranitrate 40 mg. Each tablet of Peritrate 
20 mg contains pentaerythritol tetranitrate 20 mg. Each tablet of 
Peritrate 10 mg contains pentaerythritol tetranitrate 10 mg. Peritrate 
(pentaerythritol tetranitrate) is a nitric acid ester of a tetrahydric 
alcohol (pentaerythritol) 





Indications: Based on a review of this drug by the National 
Academy of Sciences—National Research Council and/or 

| other information, FDA has classified the indications as 

| follows 

| “Possibly” effective: Peritrate (pentaerythritol tetranitrate), is 
indicated for the relief of angina pectoris (pain associated with 

| coronary artery disease). It is not intended to abort the acute 
anginal episode but it is widely regarded as useful in the pro- 
phylactic treatment of angina pectoris 

Final classification of the less-than-effective indications 

requires further investigation 





Contraindications: Peritrate SA Sustained Action (pentaerythritol 
tetranitrate) 80 mg and Peritrate (pentaerythritol tetranitrate) are 
contraindicated in patients who have a history of sensitivity to the 
drug 

Warning: Data supporting the use of Peritrate (pentaerythritol tetra- 
nitrate) during the early days of the acute phase of myocardial 
infarction (the period during which clinical and laboratory findings 
are unstable) are insufficient to establish safety. 

This drug can act as a physiological antagonist to norepi- 
nephrine, acetylcholine, histamine, and many other agents 
Precautions: Should be used with caution in patients who have 
glaucoma. Tolerance to this drug, and cross-tolerance to other 
nitrites and nitrates may occur 
Adverse Reactions: Side effects reported to date have been pre- 
dominantly related to rash (which requires discontinuation of medi- 
cation) and headache and gastrointestinal distress. which are 
usually mild and transient with continuation of medication. In some 
cases severe, persistent headaches may occur 

In addition, the following adverse reactions to nitrates such as 
pentaerythritol tetranitrate have been reported in the literature 

(a) Cutaneous vasodilatation with flushing 

(b) Transient episodes of dizziness and weakness, as well as 

other signs of cerebral ischemia associated with postural 
hypotension, may occasionally develop 

(c) An occasional individual exhibits marked sensitivity to the 

hypotensive effects of nitrite and severe responses (nausea, 
vomiting. weakness, restlessness, pailor, perspiration and col- 
lapse) can occur, even with the usual therapeutic doses. 
Alcohol may enhance this effect. 
Dosage: Peritrate (pentaerythritol tetranitrate) may be administered 
in individualized doses up to 160 mg a day. Dosage can be initiated 
at one 10 mg or 20 mg tablet q.i.d. and titrated upward to 40 mg 
(two 20 mg tablets or one 40 mg tablet) q.i.d. one-half hour before 
or one hour after meals and at bedtime. Alternatively, Peritrate Sus- 
tained Action 80 mg can be administered on a convenient b.i d. 
dosage schedule. 
Supplied: Peritrate SA Sustained Action (pentaerythritol tetrani- 
trate) 80 mg—double-layer, biconvex, dark green, light green tablets 
in bottles of 100 (N 0047-0004-51) and 1000 (N 0047-0004-60) Also 
unit dose, package of 10 x 10 strips (N 004 7-0004-11). 

Peritrate (pentaerythritol tetranitrate) 40 mg—pink scored tablets 
in bottles of 100 (N 0047-0008-51). 

Peritrate (pentaerythritol tetranitrate) 20 mg—light green, scored 


tablets in bottles of 100 (N 0047-0001-51) and 1000 (N 0047-0001-60). 


Also unit dose, package of 10 x 10 strips (N 0047-0001-11) 

Peritrate (pentaerythritol tetranitrate) 10 mg—light green, 
unscored tablets in bottles of 100 (N 0047-0007-51) and 
1000 (N 0047-0007-60) 
STORE BETWEEN 59? and 86° F (15° and 30° C). 
Animal Pharmacology: In a series of carefully designed studies in 
pigs, Peritrate (pentaerythritol tetranitrate) was administered for 48 
hours before an artifically induced occlusion of a major coronary 
artery and for seven days thereafter. The pigs were sacrificed at 
various intervals for periods up to six weeks. The result showed a 
significantly larger number of survivors in the drug-treated group. 
Damage to myocardial tissue in the drug-treated survivors was less 
extensive than in the untreated group. Studies in dogs subjected to 
oligemic shock through progressive bleeding have demonstrated 
that Peritrate (pentaerythritol tetranitrate) is vasoactive at the post- 
arteriolar level, producing increased blood flow and better tissue 
perfusion. These animal experiments cannot be translated to the 
drugs actions in humans. 
Full information is available on request 


Warner / Chilcott 

Division, 

Warner-Lambert Company 
Morris Plains, N.J. 07950 
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Prescribe 


Maximum Peritrate Dosage 
Simply and Conveniently 


In many angina* patients, 
response to Peritrate is 
optimum when dosage is 
titrated to its maximum 


The simple aim of Peritrate 
prophylaxis* is to maintain 
adequate nitrate levels 
in the body so that fewer 
“breakthrough” angina attacks 
occur. To achieve this goal, 
many patients require 
maximum dosage. 
Peritrate 40 mg tablets q.i.d. or 
Peritrate' SA Sustained Action 
80 mg b.i.d. Whichever form of 
Peritrate you choose, be sure 
you use it optimally. You can 
expect side effects to be few. 


*This drug has been evaluated as possibly 
effective for this indication. 
See brief summary. PE GP-74 
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* Arrhythmias. 





Angina Pectoris 


PATHOGENIC MECHANISMS AND 
THERAPEUTIC IMPLICATIONS 


Edited by ATTILIO M ASERI, M.D., 
‘GERALD A. KLASSEN, M.D., F.R.C.P. (C), 
F.A.C.C., and MICHAEL LESCH, M.D. 

This volume contains the proceedings of an inter- 
national symposium conducted as a satellite meeting 
of' the Seventh European Congress of Cardiology, 


- June 15-17, 1976, in Pisa, Italy, and sponsored by 


the European Society of Cardiology and the Italian 
Society of Cardiology. CONTENTS (Section Head- 
ings): Experimental Coronary Obstruction and Deter- 
minants of Transmural Flow Distribution. Degree of 
Coronary Artery Obstruction in Patients with Symp- 
tomatic Myocardial Ischemia. Angina Secondary to 
Excessive Myocardial Metabolic Demands in Patients 
with Limited, Fixed Coronary Reserve. Angina not 
Secondary to Limited, Fixed Coronary Reserve and 
Excessive Myocardial Metabolic Demands; ‘Pri- 
mary” Angina. Physiological Basis of Coronary Va- 
soconstriction as a Cause of “Primary” Angina. Evi- 
dence of Acute Myocardial Ischemia Caused by Va- 
soconstriction in Man. 

1978, 464 pp., 150 illus., $22.50/ £14.60 

ISBN: 0-8089-1112-0 


Advances in Heart 
Disease VOLUME 2 


Edited by DEAN T. MASON, M.D. 


CONTENTS (Section Headings): Advances in Echo- 
cardiography. Advances in Nuclear Cardiology. Ad- 
vances in Ambulatory Electrocardiography. Ad- 
vances in Exercise Testing. Advances in Exercise 
Training and Cardiac Rehabilitation. Advances in In- 
vasive Evaluation of Cardiac Function. Advances in 
Special Cardiovascular Treatment. Advances in Spe- 
cial Cardiovascular Topics. 

A CLINICAL CARDIOLOGY MONOGRAPH 

J. Willis Hurst and Dean T. Mason, Series Consultants 
1978, about 550 pp., 265 illus., about $34.50/ £22.40 
ISBN: 0-8089-1067-1 

ADVANCES IN HEART DISEASE 
Volume 1 

Edited by DEAN T. MASON, M.D. 

A CLINICAL CARDIOLOGY MONOGRAPH 

Series Consultants: J. Willis Hurst and Dean T. Mason , 
1977, 576 pp., illus., $34.50/ £24.50 

ISBN: 0-8089-1003-5 


Cardiac Arrhythmias 
ELECTROPHYSIOLOGIC BASIS FOR 
CLINICAL INTERPRETATION 

By YOSHIO WATANABE, M.D., and 

LEONARD S. DRIEFUS, M.D. 


CONTENTS: Introduction. Sinus Rhythm and Its 
Abnormalities. Atrial Arrhythmias. AV Junctional 
Atrioventricular Block. Ventricular 
Arrhythmias. Intravenous Conduction Disturbances. 
Wolff-Parkinson-White and Preexcitation Syndromes. 
Adams-Stokes Syndrome. The Effect of Antiarrhyth- 
mic Agents on Impulse Formation and Conduction. 
A CLINICAL CARDIOLOGY MONOGRAPH 

J. Willis Hurst and Dean T. Mason, Series Consultants 
1977, 384 pp., $29.95/£20.95 ISBN: 0-8089-0986-X 


Send payment with order and save postage and handling 
charge. Prices are subject to change without notice. 


is GRUNE & STRATTON 


A Subsidiary of Harcourt Brace Jovanovich, Publishers 


111 FIFTH AVENUE, NEW YORK, N.Y. 10003 
24-28 OVAL ROAD, LONDON NWI 7DX 





Aldactazide : 


(spironolactone 25 mg./ 
hydrochlorothiazide 25 mg.) 







WARNING 
Spironolactone, an ingredient of Aldactazide, has been shown to be a tumorigen in 
chronictoxicity studies in rats (see Warnings). Aldactazide should be used only in those 
conditions described under /ndications. Unnecessary use of this drug should be 
avoided. 

Fixed-dose combination drugs are not indicated fcr initia! therapy of edema or 
hypertension. Edema or hypertension requires therapy titrated to the individual 
patient. If the fixed combination represents the dosage so determined, its use may 
be more convenient in patient management. The treatment of hypertension and 
edema is not static, but must be reevaluated as conditions in each patient warrant 









Indications: Cirrhosis of the liver accompanied by edema and/or ascites. Essential 
hypertension, edema of congestive heart failure and the nephrotic syndrome, when other 
measures are considered inappropriate. 

Contraindications: Anuria, acute renal insufficiency, significant impairment of renal 
function, hyperkalemia or acute or severe hepatic failure. Allergy to thiazide diuretics or 
to other sulfonamide-derived drugs. 

Warnings: Excessive potassium intake may cause hyperkalemia. Potassium supple- 
ments should not be given with Aldactazide. Do not administer concurrently with other 
potassium-sparing diuretics. Sulfonamide derivatives including thiazides have been 
reported to exacerbate or activate systemic lupus erythematosus. 

Spironolactone has been shown to be a tumorigen in chronic toxicity studies in rats. In 
one study using 25, 75 and 250 times the usual daily human dose (2 mg./kg.) there 
was a statistically significant dose-related increase in benign adenomas of the thyroid 
and testes. In female rats there was a statistically significant increase in malignant 
mammary tumors at the mid-dose only. In male rats there was a dose-related increase 
in proliferative changes in the liver. At the highest dosage level (500 mg. /kg.) the range 
of effects included hepatocytomegaly, hyperplastic nodules and hepatocellular car- 
cinoma; the last was not statistically significant. 

Precautions: Patients should be carefully evaluated for possible disturbances of fluid 
and electrolyte balance. Hyperkalemia may occur in patients with impaired renal func- 
tion or excessive potassium intake and can cause cardiac irregularities which may be 
fatal. Hypokalemia may develop as a result of profound diuresis, particularly when 
Aidactazide is used concomitantly with loop diuretics, glucocorticoids or ACTH. Transient 
elevation of BUN may occur. Dilutional hyponatremia or rarely low-salt syndrome may 
develop. Gynecomastia may develop and in rare instances some breast enlargement 
may persist 

Thiazides may alter the metabolism of uric acid and carbohydrates with possible 
hyperuricemia, gout and decreased glucose tolerance. Vascular responsiveness to 
norepinephrine is reduced. Thiazides may also increase the responsiveness to tubo- 
curarine. Thiazides may decrease serum PBI levels and prolonged therapy may induce 
hypercalcemia and hypophosphatemia. 

Spironolactone may and hydrochlorothiazide does cross the placental barrier. Use in 
pregnant women requires that the anticipated benefit be weighed against possible haz- 
ards to the fetus. Breast feeding should be discontinued when Aldactazide is being used. 

Adverse Reactions: 

Associated with spironolactone: Gynecomastia is observed not infrequently. Gas- 
trointestinal symptoms including cramping and diarrhea, drowsiness, lethargy, head- 
ache, maculopapular or erythematous cutaneous eruptions, urticaria, mental confusion, 
drug fever, ataxia, inability to achieve or maintain erection, irregular menses or amenor- 
rhea, postmenopausal bleeding, hirsutism and deepening of the voice. Carcinoma of the 
breast has been reported but a cause-and-effect relationship has not been established. 

Associated with thiazides: Gastrointestinal symptoms (anorexia, nausea, vomiting, 
diarrhea, abdominal cramps), purpura, thrombocytopenia, leukopenic, agranulocy- 
tosis, dermatologic symptoms (cutaneous eruptions, pruritus, erythema multiforme), 
paresthesia, acute pancreatitis, jauncice, dizziness, vertigo, headache, xanthopsia, 
photosensitivity, necrotizing angiitis, aplastic anemia, orthostatic hypotension, muscle 
spasm, weakness and restlessness. 

Adverse reactions ore usually reversible upon discontinuation of Aldactazide. 

Dosage and Administration 

Edema in adults: The usual maintenance dose is one tablet four times daily but may 
range from one to eight tablets daily depending on the response to the initial titration. 

Edema in children: The usual daily maintenance dose should be that which provides 
0.7510 1.5 mg. of spironolactone per pound of body weight (1.65 to 3.3 mg. /kg.). 

Essential hypertension: Usually two to four tablets daily depending on results of the 
titration of the individual ingredients. 


Searle & Co. 
SEARLE San Juan, Puerto Rico 00936 


Address medical inquiries to: 

G. D. Searle & Co 

Medical Communications Department 

Box 5110, Chicago, Illinois 60680 814-3 


Wen 


d 





Change of pace... 


From CPI, 

the versatile 

new MICROLITH-P for 
precision programming 
of both pulse rate 

and. width at the 

touch of a button. 


People change. And because a pacemaker must become 
an integral part of a human being, CPl« designed the new 
MICROLITHa-P. the only non-invasive programming system 
that makes precise adjustment of both pulse rate and width 
a simple pushbutton operation. With the quartz-crystal- 
controlled MICROLITH-P, you can adiust rate from 30 to 119 
ppm in single pulse increments... width from 0.1 to 1.9 

ms in 0.1 ms increments (.05 ms can also be programmed 
Its all done with a compact, digital programmer thats 

easier to use than a pocket calculator. It takes less than 2.5 
seconds. And a simple EKG reading lets you know 
immediately that the program's been accepted. Fast, flexible, 
accurate pace-changing at your office or the hospital 


Even the shape of the MICROLITH-P is new. Semi-elliptical 
With more rounded surface on the external side to look 

and feel more natural...to reduce risk of pocket complica 
tions. With more flat surface on the internal side to minimize 
migration and tissue erosion. Small. Thin. Lightweight 

A shape thats a natural to simplify implantation and assure 
patient comfort. 


And theres more eSuperior moisture resistance thanks to 

a special new parylene coating used only by CPI for encapsulat 
ing internal circuitry e Time-tested lithium power source and 
hybrid C-MOS circuitry e Predictable 2-step elective replacement 
time (ERT) indicator e Excellent electromagnetic interference 
(EMI) rejection e Runaway protection e Multiple hermetic 
sealing e X-Ray identification e Demand mode with choice of 
unipolar and bipolar configurations e Compatibility with most 
commonly used leads * A limited warranty for up to 6 years* 


MICROLITH-P...another advanced CPI pacing system 
backed by 5 years of successful experience with lithium pulse 
generators that continue to set industry standards for reliability 
Find out more today by writing or calling CPI toll free 
800-328-9588 


*Warranty statement available upon request 





; | 


i Cardiac Pacemakers, Inc 
< 100 North Hamline Avenue 
| O. Box 43079 
a & St. Paul, Minnesota 55164, U.S.A 


Telephone: (612) 631-3000 
Cable: Cardiapace, St. Paul 
Telex: 29-7049 





i ‘e's © 1978 Cardiac Pacemakers. Inc 
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rere /Atromid- METSEI 


(clofibrate) 





When sd find 


HYPERTENSION 


Look for 


HYPERLIPIDEMIA 
Atromid SS clofibrate 


(For full prescribing information, see package circular.) 
ATROMID-S* Brand of clofibrate 
Antilipidemic agent for reduction of elevated serum lipids 


INDICATIONS: ATROMID-S is indicated as adjunctive therapy in patients who do not 
respond adequately to diet and other measures for the reduction of elevated serum 
cholesterol (especially the beta lipoprotein fraction) and/or triglycerides. Clofibrate ap- 
pears to have a greater depressant effect on the very low density lipoproteins (S, 20- 
400) rich in triglycerides than the low density lipoproteins (S, 0-20) rich in cholesterol 


ATROMID-S is also indicated for treatment of patients with xanthoma tuberosum asso- 
ciated with hyperlipidemia. The skin lesions frequently regress with clofibrate. 


It has not been established whether the drug-induced lo wering of serum cholesterol or 
lipid levels has a detrimental, beneficial, or no effect on the morbidity or mortality due to 
atherosclerosis or coronary heart disease. Several years will be required before current 
investigations will yield an answer to this question 


CONTRAINDICATIONS: Clofibrate is contraindicated in pregnant women. While 
teratogenic studies have not demonstrated any effect attributable to clofibrate, it is known 
that serum of the rabbit fetus accumulates a higher concentration of clofibrate than that 
found in maternal serum, and it is possible that the fetus may not have developed the 
enzyme system required for the excretion of clofibrate 


It is contraindicated in lactating women since it is not known if clofibrate is secreted in the 
milk. 


It is contraindicated in patients with Clinically significant hepatic or renal dysfunction. 


It is contraindicated in patients with primary biliary cirrhosis since it may raise the already 
elevated cholesterol in these cases 


WARNINGS: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGULANTS ARE 
GIVEN IN CONJUNCTION WITH ATROMID-S. THE DOSAGE OF THE ANTICOAGULANT 
SHOULD BE REDUCED USUALLY BY ONE-HALF (DEPENDING ON THE INDIVIDUAL 
CASE) TO MAINTAIN THE PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT 
BLEEDING COMPLICATIONS. FREQUENT PROTHROMBIN DETERMINATIONS ARE 
ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE PROTHROMBIN 
LEVEL HAS BEEN STABILIZED. 


Strict birth control procedures must be exercised by women of childbearing potential. In 
patients who plan to become pregnant, clofibrate should be withdrawn several months 
before conception. Because of the possibility of pregnancy occurring despite birth control 
precautions in patients taking clofibrate, the possible benefits of the drug to the patient 
must be weighed against possible hazards to the fetus. 


Administration of clofibrate to mice and rats in long-term studies at eight times the human 
dose resulted in a higher incidence of liver tumors than in controls. Lower doses were not 
studied. Although the relevance of this finding to humans is not known at this time, it can- 
not be dismissed especially since this drug is intended for long-term adminis- 
tration. ATROMID-S should be used only in patients with hyperlipidemia who do not 
respond adequately to dietary intervention : 


PRECAUTIONS: Before instituting therapy with clofibrate, attempts should be made to 
control serum lipids with appropriate dietary regimens, weight loss in obese patients, 
control of diabetes mellitus, etc. 


Because of the long-term administration of a drug of this nature, adequate baseline 
studies should be performed to determine that the patient has significantly elevated serum 
lipid levels. Frequent determinations of serum lipids should be obtained during the first few 
months of ATROMID-S administration, and periodic determinations thereafter. The drug 
should be withdrawn after three months if response is inadequate. However, in the case of 
xanthoma tuberosum, the drug should be employed for longer periods (even up to one 
year) provided that there is a reduction in the size and/or number of the xanthomata. 


Subsequent serum lipid determinations should be done to detect a paradoxical rise in 
serum cholesterol or triglyceride levels. Clofibrate will not alter the seasonal variations of 
serum cholestero! peak elevations in midwinter and late summer and decreases in fall and 
spring. If the drug is discontinued, the patient should be placed on an appropriate 
hypolipidemic diet, and his serum lipids should be monitored until stabilized, as a rise in 
these values to or above the original baseline may occur. 


Dufing clofibrate therapy, frequent serum transaminase determinations and othereliver 
function tests should be performed since the drug may produce abnormalities in these 
parameters. These effects are usually reversible when the drug is discontinued. Hepatic 
biopsies are usually within normal limits. If the hepatic function tests steadily rise or show 
excessive abnormalities, the drug should be withdrawn. Therefore use with caution in 
those patients with a past history of jaundice or hepatic disease 

Clofibrate may produce "flu like" symptoms (muscular aching, soreness, cramping). The 
physician should differentiate this from actual viral and/or bacterial disease 

Use with caution in patients with peptic ulcer since reactivation has been reported 
Whether this is drug-related is unknown. 


Compiete blood counts should be done periodically since anemia, and more frequently, 
leukopenia have been reported in patients who have been taking clofibrate 


Various Cardiac arrhythmias have been reported with the use of clofibrate 


Several investigators have observed in their studies that clofibrate may produce a de- 
crease in cholesterol linoleate but an increase in palmitoleate and oleate, the latter being 
considered atherdgenic in experimental animals. The significance of this finding is un- 
known at this time. 


ADVERSE REACTIONS: Of the pertinent reactions, the most common is nausea Less 
frequently encountered gastrointestinal reactions are vomiting. loose stools, dyspepsia, 
* flatulence, and abdominal distress. Reactions reported less often than gastrointestinal 
ones are headache, dizziness, and fatigue; muscle cramping, aching, and weakness. skin 
rash, urticaria, and pruritus; dry brittle hair. and alopecia 





The following reported adverse reactions are listed alphabetically by systems: e 


Cardiovascular 

Increased or decreased angina 

Cardiac arrhythmias Td 

Both swelling and phlebitis at site of xanthomas 
Dermatologic 

Skin rash 

Alopecia 

Allergic reaction including urticaria 

Dry skin and dry brittle hair 

Pruritus 


Gastrointestinal ^ 
Nausea 
Diarrhea e 
Gastrointestinal upset (bloating, flatulence, abdominal distress) 9» 
Hepatomegaly (not associated with hepatotoxicity) r 
Gallstones 5 
Vomiting 
Stomatitis and gastritis 


Genitourinary 
Impotence and decreased libido A 
Findings consistent with renal dysfunction as evidenced by dysuria, hematuria, pro- 
teinuria, decreased urine output. One patient's renal biopsy suggested "allergic 
reaction." 
Hematologic 
Leukopenia 
Potentiation of anticoagulant effect 
Anemia 
Eosinophilia e 
Musculoskeletal 
Myalgia (muscle cramping, aching, weakness) 
“Flu like" symptoms 
Arthralgia » 
Neurologic -- 
Fatigue, weakness, drowsiness ) 
Dizziness 
Headache 


Miscellaneous 
Weight gain 
Polyphagia 
Laboratory Findings 
Abnormal liver function tests as evidenced by increased transaminase (SGOT and 
SGPT), BSP retention, and increased thymol turbidity 
Proteinuria 
Increased creatine phosphokinase 


Reported adverse reactions whose direct relationship with the drug has not been 
established: peptic ulcer, gastrointestinal hemorrhage, rheumatoid arthritis, tremors, in- 
creased perspiration, systemic lupus erythematosus, blurred vision, gynecomastia, 
thrombocytopenic purpura. 

DOSAGE AND ADMINISTRATION: /n;tia The recommended dosage for adults is 2 g 
daily, in divided doses. Some patients may respond to a lower dosage 


Maintenance: Same as for initial dosage. 
Note: In children, insufficient studies have been done to show safety and efficacy. 


DRUG INTERACTIONS: Caution should be exercised when anticoagulants are given in 
conjunction with ATROMID-S. The dosage of the anticoagulant should be reduced usually 
by one-hal! (depending on the individual case) to maintain the prothrombin time at the 
desired level to prevent bleeding complications. Frequent prothrombin determinations are 
advisable until it has been definitely determined that the prothrombin level has been 
stabilized 


MANAGEMENT OF OVERDOSAGE: While there has been no reported case of overdos- 
age, should it occur, symptomatic supportive measures should be taken. 


HOW SUPPLIED: ATROMID-S—No. 243—Each capsule contains 500 mg clofibrate, in 
bottles of 100 


References: 1. Thomas, G. W. et al.. Br. Med. J. 2:805 (Sept. 24) 1977. 2. Ahrens, E. H., 
Jr. Ann. Intern. Med. 85:87 (July) 1976. 3. Council on Foods and Nutrition: J.A.M.A 
222 1647 (Dec. 25) 1972 4. Scheig, R.: Conn. Med. 39:71 (Feb.) 1975. 5. Letters to the 
Editor. Current Prescribing (July) 1977, p. 15. 6. Fredrickson, D. S., et al, in Holmes, 
W. L.. Carlson, L. A., and Paoletti, R.: Drugs Affecting Lipid Metabolism, Vol. 4, New York, 
Plenum Press, 1969. p. 314. 7. Brown, H. B., Lewis, L. A., and Page. ! H.: Clin. Phar- 
macol. Ther 17 171 (Feb ) 1975. 8. Gelfand, M. L., and Garbor, M. Exhibit, American 
College of Cardiology Meeting, New Orleans, La., Feb. 21-Mar. 1, 1970. 9. Zelis, R., et 
al. J. Clin. Invest. 49:1007 (May) 1970. 10. Levy, R. |., et al.: Ann. Intern. Med. 77:267 
(Aug.) 1972. 11. Berkowitz, D.: JAMA. 218:1002 (Nov. 15) 1971. 12. Lorenzo, E. M., et 
al.: Curr. Ther. Res. 22:147 (July, Sect. 2) 1977 
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In hyperlipidemia 
E When diet alone is not enough 


.  Atromid-S 


(clofibrate) “i 
The most widely prescribed antilipemic agent- 


significantly lowers serum levels 
of cholesterol and/or triglycerides 





Proved effective 
in study after study 


In clinical studies involving patients with drug- 
responsive hyperlipoproteinemia, diet plus 
ATROMID-S (clofibrate) lowered serum choles- 
terol levels from 22% to as much as 52% and 
reduced triglyceride values over a range of 
1996 to 8096.7"? 


Patient acceptance 
is generally good 


In more than a decade of use, clofibrate has been 
generally well tolerated. Major adverse effects 
are primarily gastrointestinal, with nausea being 
predominant. Other G.I. reactions include loose 
stools, flatulence, abdominal distress, and, infre- 
quently, gallstones. Less common reactions 
include muscle cramping, myalgia, and alopecia. 
Please see "Important Note" below and Warning 
on concomitant anticoagulant usage in prescrib- 
ing information on adjacent page. 


AN IMPORTANT NOTE: It has not been established E 
whether the drug-induced lowering of serum cholesterol 
or lipid levels has a detrimental, beneficial, or no effect 


on the morbidity or mortality due to atherosclerosis Or 
coronary heart disease. Several years will be required 
before current investigations will yield an answer to this 
question. 





See adjacent page of this advertisement for prescribing information. 
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For further information on the Medtronic Tenax " 
lead family, contact your Medtronic, Inc. 
representative or write for a complete 


technical brochure. 


Medtronic, Inc. 
3055 Old Highway Eight, P.O. Box 1455 
Minneapolis, Minnesota 55440 
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Combipres in hypertension 


Combipres works efficiently, smoothly. 
Brings blood pressure down...keeps it down over the long-term: 


Life therapy...not life sentence 


91% of patients tolerated it well in clinical trials.’ 

Low incidence of impotence, depression, orthostatic hypotension. 

Its most common side effects are dry mouth, drowsiness, and seda- 
tion. They tend to diminish with continued use, and may be alleviated 
by giving the larger portion of the divided dose at bedtime. 


Combipres :.. 2 


Each tablet contains: 
Catapres* (clonidine hydrochloride) 
0.1 or 0.2 mg. and chlorthalidane, 15 mg 


There’s a future in it. 


Please see brief summary of the prescribing information on last page of this ad for warnings. 
precautions, and adverse reactions. 


As with other antihypertensives containing diuretic agents, hypokalemia, 
hyperuricemia, and hyperglycemia may occur. 


*Combipres is not indicated for initial therapy of hypertension. See box 
warning on next page. 








Each tablet contains: 


Catapres* (clonidine hydrochloride) 0.1 or 0.2 mg, 


and chlorthalidone, 15 mg 


in hypertension 


...there’s a future in it 


Warning: This fixed combination drug is not 
indicated for initial therapy of hypertension. 
Hypertension requires therapy titrated to the 
individual patient. If the fixed combination rep- 


resents the dosage so determined, its use 
may be more convenient in patient manage- 
ment. The treatment of hypertension is not 
static, but must be reevaluated as conditions 
in each patient warrant. 





Indication: The drug is indicated in the treatment 
of hypertension (see box warning). 
Contraindications: Patients with known hyper- 
sensitivity to chlorthalidone and patients with se- 
vere renal or hepatic diseases. 

Warnings: Tolerance may develop in some in- 
stances necessitating a reevaluation of therapy. 
Usage in Pregnancy: In view of embryotoxicity 
findings in animals, and since information on pos- 
sible adverse effects in pregnant women is limited 
to uncontrolled clinical data, the drug is not rec- 
ommended in women who are or may become 
pregnant unless the potential benefit outweighs 
the potential risk to mother and fetus. 

Usage in Children: No clinical experience is avail- 
able with the use of Combipres in children. 
Precautions: When discontinuing Combipres, re- 
duce the dose gradually over 2 to 4 days to avoid 
a possible rapid rise in blood pressure and as- 
sociated subjective symptoms such as nervous- 
ness, agitation, and headache. Patients should be 
instructed not to discontinue therapy without con- 
sulting their physician. Rare instances of hyper- 
tensive encephalopathy and death have been re- 
corded after cessation of clonidine hydrochloride 
therapy. A causal relationship has not been estab- 
lished in these cases. It has been demonstrated 
that an excessive rise in blood pressure, should it 
occur, can be reversed by resumption of Com- 
bipres therapy or by intravenous phentolamine. 
Patients who engage in potentially hazardous ac- 
.tivities, such as operating machinery or driving, 


-+ should be advised qf the sedative effect of the 


clonidine hydrochloride component.This drug may 
-énhance the CNS-depressive effects of alcohol, 
barbiturates and other sedatives. Like any other 
antihypertensive agent, Combipres should be 
used with caution in patients with severe coronary 
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insufficiency, recent myocardial infarction, cere- 
brovascular disease or chronic renal failure. 

As an integral part of their overall long-term care, 
patients treated with Combipres should receive 
periodic eye examinations. While, except for some 
dryness of the eyes, no drug-related abnormal 
ophthalmological findings have been recorded 
with Catapres, in several siudies the drug pro- 
duced a dose-dependent imcrease in the incidence 
and severity of spontaneously occurring retinal 
degeneration in albino rats treated for 6 months or 
longer. 

Patients predisposed toward or affected by dia- 
betes should be tested periodically while receiving 
Combipres, because of the hyperglycemic effect 
of chlorthalidone. 

Because of the possibility of progression of renal 
failure, periodic determination of the BUN is indi- 
cated. If, in the physician's opinion, a rising BUN 
is significant, the drug should be stopped. 

The chlorthalidone component of Combipres may 
lead to sodium and/or potassium depletion. Mus- 
cular weakness, muscle cramps, anorexia, 
nausea, vomiting, constipation, lethargy or mental 
confusion may occur. Seve:e dietary salt restric- 
tion is not recommended in patients receiving 
Combipres. 

Periodic determinations of tne serum potassium 
level will aid the physician im the detection of 
hypokalemia. Extra care should be given to detec- 
tion of hypokalemia in patients receiving adrenal 
corticosteroids, ACTH or dicitalis. Hypochloremic 
alkalosis often precedes other evidence of severe 
potassium deficiency. Frequently, therefore, more 
sensitive indicators than the potassium serum 
level are the serum bicarbonate and chloride con- 
centrations. Also indicative of potassium depletion 
can be electrocardiographic alterations such as 
changes in conduction time, reduction in 
amplitude of the T wave; ST segment depression; 
prominent U wave. These abnormalities may ap- 
pear with potassium depletion before the serum 
level of potassium decreases. To lessen the pos- 
sibility of potassium deficiency, the diet, in addition 
to meat and vegetables, should include 
potassium-rich foods such as citrus fruits and 
bananas. If significant potassium depletion should 
occur during therapy, oral potassium supplements 
in the form of potassium chloride (3 to 4.5 gm/ 
day), fruit juice and bananas should be given. 
Adverse Reactions: The mest common reactions 
are dry mouth, drowsiness and sedation. Consti- 
pation, dizziness, headache, and fatigue have 
been reported. Generally these effects tend to di- 
minish with continued therapy. 

Clonidine hydrochloride: Anorexia. malaise, 
nausea, vomiting, parotid pain. mild transient ab- 
normalities in liver function tests: one case of 
possible drug-induced hepatitis without icterus and 
hyperbilirubinemia in a patient receiving clonidine 
hydrochloride, chlorthalidone and papaverine hy- 
drochloride. Weight gain, transient elevation of 
blood glucose, or serum creatine phosphokinase; 
congestive heart failure, Raymaud’s phenomenon; 
vivid dreams or nightmares, insomnia, other be- 
havioral changes, nervousness, restlessness, anx- 
iety and mental depression. Also rash, angio- 
neurotic edema, hives, urticasia, thinning of the 
hair, pruritus not associated with a rash; impo- 
tence, urinary retention; increased sensitivity to 
alcohol, dryness, itching or burning of the eyes, 
dryness of the nasal mucosa, pallor, gynecomas- 
tia, weakly positive Coombs' test, asymptomatic 
electrocardiographic abnormalities manifested as 
Wenckebach period or ventricular trigeminy. 
Chlorthalidone: Symptoms such as nausea, gas- 
tric irritation, anorexia, constipation and cramping, 
weakness, dizziness, transient myopia and rest- 
lessness are occasionally observed. Headache 
and impotence or dysuria may occur rarely. Or- 
thostatic hypotension has been reported and may 
be potentiated when chlorthalidone is combined 
with alcohol, barbiturates or narcotics. Skin 
rashes, urticaria and purpura have been reported 
in a few instances. 

A decreased glucose tolerance evidenced by 
hyperglycemia and glycosuria may develop incon- 
sistently. This condition, usually reversible on dis- 
continuation of therapy, responds to control with 
antidiabetic treatment. Diabetics and those pre- 
disposed should be checked regularly. 

As with other diuretic agents hypokalemia may 
occur (see Precautions). Hyperuricemia may be 
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observed on occasion and acute attacks of gout 
have been precipitated. In cases where prolonged 
and significant elevation of blood uric acid con- 
centration is considered potentially deleterious, 
concomitant use of a uricosuric agent is effective 
in reversing hyperuricemia without loss of diuretic 
and/or antihypertensive activity. 

Idiosyncratic drug reactions such as aplastic 
anemia, thrombocytopenia, leukopenia, agranulo- 
cytosis, and necrotizing angiitis have occurred, 
but are rare. 

The remote possibility of pancreatitis should be 
considered when epigastric pain or unexplained 
gastrointestinal symptoms develop after prolonged 
administration. 

Other adverse reactions which have been re- 
ported with this general class of compounds in- 
clude: jaundice, xanthopsia, paresthesia and 
photosensitization. 

Overdosage: Catapres (clonidine hydrochloride): 
Profound hypotension, weakness, somnolence, 
diminished or absent reflexes and vomiting fol- 
lowed the accidental ingestion of Catapres by 
several children from 19 months to 5 years of 
age. Gastric lavage and administration of an 
analeptic and vasopressor led to complete recov- 
ery within 24 hours. Tolazoline in intravenous 
doses of 10 mg at 30-minute intervals abolishes 
all effects of Catapres overdosage. 
Chlorthalidone: Symptoms of overdosage include 
nausea, weakness, dizziness, and disturbances of 
electrolyte balance. There is no specific antidote, 
but gastric lavage is recommended, followed by 
supportive treatment. Where necessary, this may 
include intravenous dextrose and saline with 
potassium administered with caution. 

How Supplied: Combipres* 0.1 (Each tablet con- 
tains clonidine hydrochloride 0.1 mg + chlor- 
thalidone,15 mg). It is available as pink, oval, 
single-scored compressed tablets in bottles of 
100. 

Combipres* 0.2 (Each tablet contains clonidine 
hydrochloride 0.2 mg + chlorthalidone,15 mg). It 
is available as blue, oval, single-scored com- 
pressed tablets in bottles of 100. 

For complete details, please see full prescribing 
information. 
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criteria in choosing 
a Holter service 


Before you select a Holter service, make 
sure it meets these 4 important stand- 
ards. Telemed does! 

1. Technician Specialization. 
Scanning along term ECG tape is a spe- 
cialty requiring intense concentration. 


Telemed makes sure this concentration 
is not disturbed. Holter monitoring is the 
only responsibility our Holter technicians 
have. This not only sharpens their focus, 
but also better enables them to spot 
meaningful events, morphologic 
changes, amhythmias, even slight ab- 
normalities. 

2. Non-Fatiguing Technician 
Workload. 


Volume is important to any Holter scan- 
ning service, but Telemed never puts 
quantity ahead of quality. Telemed's 


"Always Alert’ Policy limits the number 
of tapes a Holter technician can scan 
per day. This minimizes fatigue, so 
technicians are more alert, ready to 
recognize changes no matter how slight. 
3. Emergency Alert. 

Telemed provides a double assurance 
that you are notified immediately if any 
life threatening abnormalities appear. 
Double assurance because both the 
Holtertechnician and a staff cardiologist 
review each scan for events which re- 
quire your immediate attention. You are 
notified at once when such events are 
spotted. 

4. Continuous Dual-Channel 
Equipment. 

The Telemed Holter Scanning Service 
features state-of-the-art, continuous 
dual-channel monitoring equipment for 
greater reliability in arrhythmia detection 





and in the diagnosis of coronary artety 
disease. 


Telemed's Holter Scanning Service in- 
cludes tapes, patient diaries, mdilers, 
service and maintenance. Plus Telemed 
trains your personnel at no extra charge. 
For full details on how Telemed Holter 
Scanning can help you help your 
patients, call or write Telemed today. 


Telemed's Holter Scanning Service 
meets all four crucial standards. 


TELEMED 


CORPORATION 


2345 Pembroke Avenue 
Hoffman Estates, IL 60495 
312/884-5900 
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Date: 10/19/68 Date: 3/14/78 

Clinical Comments: Multiple pre- Clinical Comments: Normal sinus rhythm 
mature ventricular contractions Rx: Continue on Quinaglute 1 tab q12n 
Rx: Quinaglute 1 tab ql2h 





For nine and a half years 
(quinidine gluconate) | 
has kept the pace for Mary L: y 


"Based on actual case history (photos posed by professional model). 
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|». Quina 


quinidine gluconate) 324 mg 








glute 


keeps the pace for patients 
with cardiac arrhythmias 


For Mary L. and hundreds of thousands of cardiac 
patients, QUINAGLUTE® Dura-Tabs® have helped 
maintain the pace of normal sinus rhythm over 
long-term therapy. In the 19 years since its intro- 
duction, QUINAGLUTE has amassed an impressive 
clinical record of therapeutic efficacy, safety and 
patient acceptance. 


Classic antiarrhythmic therapy — 
Time-proven for efficacy 
* in the management of PAC, PVC and atrial 
fibrillation 


Time-proven for reliability 

* in maintaining quinidine plasma levels for 
8 to 12 hours 

* in providing sustained control without peaks and 
valleys in plasma levels 


Time-proven for safety 
* low incidence of G.I. irritation 
* 19 years of patient and physician acceptance 


Time-proven for patient compliance 

* convenient dosage schedule that s easy to 
remember: 1 to 2 Dura- Tabs? every 8 or 12 hours 

* h.s. dose helps avoid early morning reversion 


Contraindications: Aberrant impulses and abnormal rhythms 
due to escape mechanisms should not be treated with quini- 
dine. 

Partial A-V or complete heart block, or intraventricular con- 
duction defects, especially those exhibiting a marked grade of 
QRS widening. Renal disease resulting in significant azotemia, 
or those developing cardiotoxic effects such as conduction de- 
fects, ventricular premature beats, ventricular tachycardia or 
flutter while on the drug. 

Marked cardiac enlargement, particularly with congestive 
failure, poor renal function, and especially renal tubular aci- 
dosis. Idiosyncrasy or hypersensitivity to quinidine. 


Warnings: In the treatment of atrial flutter, reversion to sinus 
rhythm may be preceded by a progressive reduction in the de- : 
gree of A-V block to a 1:1 ratio resulting in an extremely rapid 
ventricular rate. 


Precautions: The precautions to be observed include all those 
applicable to quinidine. A preliminary test dose of a single tablet 
of quinidine sulfate should be administered to determine if the 
patient has an idiosyncrasy to quinidine. Hypersensitivity to 
quinidine, although rare, should constantly be considered, 
especially during the first weeks of therapy. 

Quinidine in large doses may reduce the contractile force of 
the heart, therefore, extreme caution should be exercised in 
ustng the drug in patients with severe heart disease, hypoten- 
sion or digitalis intoxication. 

It should be administered cautiously, if at all, to senile pa- 
tients. Hospitalization for close clinical observations, electro- 
cardiographic monitoring, and possibly plasma quinidine 
levels, is indicated when large doses are used, or with patients 
who present an increased risk. 


Adverse reactions: Cinchonism, tinnitus, decreased auditory 
acuity, vertigo, headache, blurred vision, color perception dis- 
turbances, photophobia, diplopia, night blindness, scotomata, 
reduced visual fields, mydriasis, hypotension, respiratory dis- 
tress, and gastrointestinal disturbances. 10671 


Laboratories, Inc. 


Wayne, New Jersey 07470 


For full information please refer to package insert. 
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President 


To: The American Journal of Cardiology and its Editor 
Dr. Simon Dack 


We wish to extend our heartiest congratulations upon this anniversary 
marking your twenty years of contribution in the area of medical publishing. 
The field of cardiology has indeed been fortunate to be represented by such à 
respected journal and distinguished editor over these past twenty years. 


While those of us involved in the health care industry are well aware of 
your accomplishments, the deepest appreciation of your efforts will perhaps 
go unheralded by those who have benefited most, the patients. Through the 
critical review and dissemination cf vital medical information, The American 
Journal of Cardiology has undoubtedly helped to save thousands of lives. 


The continued growth of your journal, while maintaining the highest stan- 
dards of quality embodies the same kind of dedication and service to human 
health care that we strive to achieve at Intermedics. Dedication of this type 
and the ensuing progress it helps create will ensure continuing success for 
us all in the future. 


With sincere congratulations, 


IM leat 


PO. Box 617 Freeport, Texas 77541 * Phone (713) 233-8611 « Toll Free: 1: (800) 231-2330 
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ANNIVERSARY EDITORIALS 


THE 20TH ANNIVERSARY 


It is April 15 and I, the Editor of the Journal, cannot 
find the words to write an editorial for this 20th Anni- 
versary Issue, an assignment given to me many months 
ago by our Publisher, Lou Le Jacq. I feel like the author 
I am badgering because he is late with the article he 
promised to send 6 months ago. Bill Roberts, in his 
tribute to me, states that I have written no editorials in 
my capacity as Editor. Actually, I wrote two, one for the 
Inaugural Issue in 1958 and one for the 10th Anniver- 
sary Issue in 1968. It is fitting that the third one is for 
this 20th Anniversary Issue. 

When I became President of the American College of 
Cardiology in 1956, the Executive Committee of the 
Board of Trustees asked me to explore the need for a 
new journal on the heart to be sponsored by the College 
and then to find the best available publisher and editor. 
'The need for such a journal for the clinical cardiologist 
was clearly established. After a long search, a publisher 
was found, the Yorke Medical Group, with which the 
College has maintained one of the closest, longest and 
most successful relations in medical publishing history. 
When it came to appointing an editor, the Board of 
Trustees made clear its choice—Simon Dack—a choice 
I could not readily accept because I had had only limited 
experience as Editor of the Transactions of the Ameri- 
can College of Cardiology. But the Board insisted, and 
there I was in 1957, Editor-in-Chief of a fledgling journal 
with the task of organizing its Editorial Board and so- 
liciting appropriate original articles. The first issue was 
published 1 year later. I hope the College's faith in me 
has been justified. 

'The College and its official Journal have come a long 
way together in the past 20 years in achieving their re- 
spective goals. I believe that we have both fulfilled our 
two most important functions: “to provide postgraduate 
education and a forum for dissemination of ideas and 
knowledge in cardiology.” As Editor, my aim has been 


to provide such dissemination of new knowledge in a 
style and format that is understandable and appropriate 
for the clinician, the investigator and the educator. This 
requires a proper mix of clinical and experimental re- 
search papers and review articles that bring up to date 
what the clinician must know about cardiology. I have 


tried to encourage the expression of different points of ` 


view, the traditional as well as the nonconformist, and 
to be receptive to new ideas and disciplines in cardiol- 
ogy. As indicated in Gene Braunwald’s editorial, with 
such a policy the Journal will continue to have an im- 
portant impact on the practice of cardiology. In my 
continued tenure as Editor of the Journal, I hope that 
my determination and zeal to blend basic and clinical 
research with clinical practice, the new and innovative 
with the old and traditional, will not waiver and that the 
pages of the Journal will remain the place where “the 
basic scientist can talk to the clinician.” The Journal 
must be a forum for the investigator as well as the 
practitioner and educator in cardiology. In this respect, 
both the College and the Publisher have allowed me 
complete independence to exercise my best judgment 
in the selection of manuscripts. I will continue to do so 
as fairly and responsibly as I can. 

Bill Roberts quotes from one of my reports to the 
Editorial Board stating that “ . . . the growth and succéss 
of the Journal are not due to the efforts of just one 
man." This is true. The Journal could not have suc- 
ceeded without the help and support of the Associate 
Editors, my four capable and devoted Assistant Editors, 
the Editorial Consultants and all the reviewers for the 
Journal. Lou Le Jacq, our publisher, has been a true 
friend of the College and has always honored a request 
from me when I have told him it's for the good of the 


Journal. I have had complete support from every. , 


President, Officer and Trustee of the College, and from - 


its Executive Director, Bill Nelligan, who has strength; 
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ened the close relations among the Editor, the Pub- 
lisher and the College. And, of course, there is the 
ever-dedicated Ruth Ohman, my hardworking Execu- 
tive Editor and “boss,” who sees that I mind my P’s and 


_ Q’s and whose skilled professionalism makes my ama- 


teurish editing look polished. 
The Publications Committee, chaired previously by 


. John Ross and now by William Roberts, has been 


m LN 
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transformed into an efficient watchdog and oversight 
committee whose helpful recommendations have con- 
tributed to significant improvements in the Journal in 
the past 7 years. Both men have been of extraordinary 
help to me. 

No busy practitioner, consultant and teacher in car- 
diology could have served successfully as Editor of this 
Journal without the understanding and support of his 
family. To my wife Jacqueline and to. our children, 
Jerilyn and Leonard, my deep love and gratitude for 
your encouragement and support despite the many 
hours I have taken from you. 
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To my colleagues and the illustrious editors of other 
heart journals who have written the accompanying ed- 
itorials and tributes for this occasion, I am grateful for 
your kind words, some of which I have considered 
editing and deleting. On second thought, I shall keep my 
blue pencil in the drawer and graciously accept your 
aceolades. Thank you each and every one for contrib- 
uting to this issue of the Journal. I pledge my continued 
dedication to serve the Journal as its Editor. 


Js the UM 


Simon Dack, MD, FACC 
Editor-in-Chief 
The American Journal of Cardiology 


THE FIRST 20 YEARS OF 


ANNIVERSARY EDITORIALS 


The American Journal of Cardiology. 


A Chronicle of the Golden Age of Cardiology 


In the lives of individuals, groups, nations and areas of 
knowledge, indeed of entire societies, there are long 
barren periods when little progress appears to be taking 
place. Then suddenly a magic moment arrives, many 
diverse strands seem to come together and rapid for- 
ward movement takes place; that is, there is a true 
“golden age." It is ironic that the historic importance 
of such a period is rarely appreciated at the time of its 
occurrence; only after its passage is the true significance 
of the period of extraordinary progress recognized. 

I submit that cardiology and cardiovascular science 
are experiencing a golden age at this very time and that 
The American Journal of Cardiology, under the de- 
voted and wise leadership of its founding Editor, Simon 
Dack, has provided a most useful chronicle of this era 
during its first 20 years. In addition to this important 
function, by offering a forum not only for timely and 
provocative original articles, but also for short reports, 
preliminary communications and insightful speculative 
reviews, the Journal has actually contributed to the 
advances in cardiology by providing new insights and 
by identifying critical gaps of knowledge and areas of 
controversy. 


Two Decades of Progress in Cardiology 


It is an interesting exercise to compare the contents 
of the Journal during its 1st and 20th years of publica- 
tion, an exercise that has given me new respect for just 
how much cardiology has progressed during this period. 
Compare, for example, the report by Kitchell et al.! in 
the first volume of the Journal, “Bilateral Internal 
Mammary Artery Ligation for Angina Pectoris,” with 
two papers in the 40th volume, “Results of Coronary 
Bypass More Than Five Years After Operation in 434 
Patients" by Lawrie et al.? and the report on experiences 
with medical treatment of the Veterans Administra- 
tion Cooperative Study of Surgery for Coronary Arterial 
Occlusive Disease.'? In 1958 the surgical treatment of 
coronary artery disease was indirect; internal mammary 
artery ligation was based on a vague theory that had not 
been validated experimentally, and the evaluation of 
the efficacy of this procedure was subjective and anec- 
dotal. In contrast, in 1978 the surgical treatment of se- 


vere angina pectoris by coronary bypass is direct and 
relatively safe; its effectiveness in relieving the pain of 
severe angina has been evaluated objectively” and, al- 
though the last word on its ability to prolong life is not 
yet in, rigorous statistical and epidemiologic methods 
are now being employed to examine the long-term re- 
sults.? 

Mitral valve disease: Let us examine the differences 
in the methods used in the diagnosis of mitral valve 
disease. In Volume 1, Luisada and Liu‘ reported on the 
use of the left atrial electrokymogram and the left atrial 
pressure pulse obtained by transthoracic puncture in 
the differentiation between mitral stenosis and regur- 
gitation, a differentiation of critical importance at that 
time because mitral stenosis was operable and mitral 
regurgitation was not. Both of these techniques repre- 
sented major advances over those previously available, 
but by today’s standards they provide only indirect 
results and transthoracic puncture involved significant 
risk. In contrast, in Volume 40, Weyman et al.? report 
oh the use of cross-sectional echocardiography in mitral 
valve disease. This noninvasive technique not only al- 
lows direct imaging and measurement of the size of the 
mitral valve orifice, but also permits recording of the 
rate of filling of the left ventricle. Also, in Volume 40 of 
the Journal is a clear demonstration of the effectiveness 
of echocardiography, not simply in detecting mitral 
regurgitation, but also in defining its etiology. 

Surgery for valve disease: What about the surgical 
treatment of valvular heart disease? In Volume, 1, 
Charles P. Bailey et al.” described a procedure termed 
“neo-strophingic mobilization" that consisted of mo- 
bilizing the septal leaflet of the mitral valve and allowing 
it to function as a flap valve, a procedure said to be ef- 
fective even when the valve was fibrotic. In the same 
volume, Paul Wood? summarized the high operative 
risks (20 percent) and the poor long-term results of 
operation for aortic stenosis as carried out 2 decades ago. 
In Volume 40, in contrast, are reports?-!! of the greatly — 
reduced operative mortality and excellent long-term 3 
follow-up resulting from prosthetic replacement of the 


aortic valve as well as the encouraging long-term fune” ' , 


tion of both prosthetic valves and tissues valves. 
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Hypertensive heart failure: In Volume 1, Smirk 
and his associates,!? in a remarkable; now classic paper, 
established the efficacy of treating hypertensive heart 


` failure by reducing arterial pressure—using the then 


available ganglionic blocking agents. Twenty years later 
hypertensive heart failure is uncommonly encountered, 


` and a principal clinical reason for treating hypertension 


is the primary prevention of coronary and cerebral ar- 
terial disease.!? In 1958, although the incidence of acute 
rheumatic fever was decreasing, it was still considered 
to be of sufficient importance to warrant an entire 
Symposium in Volume 1. Rheumatic fever does not even 
appear in the index to Volume 40! 

Congenital heart disease: In 1958 patients with 
congenital heart disease were still curiosities. Open 
heart surgery had just come on the scene, and the in- 
creased risk of correction of congenital anomalies in 
patients with serious pulmonary hypertension was be- 
coming apparent. Thus, the report by Weiner et al.!4 on 
the use of the electrocardiogram in the detection of 
pulmonary hypertension in patients with ventricular 
septal defect was most timely. Observations on con- 
genital heart disease occupied only a trivial fraction of 
the space in the Journal. Although the incidence of 
congenital heart disease has obviously not increased 
during the past 20 years, pediatric cardiology has made 
enormous strides. Indeed, the Journal now devotes a 
special section to pediatric cardiology in each issue. The 


‘spectacular developments of surgical treatment of 


congenital anomalies, particularly in infants, are re- 
flected in a paper by Mair and McGoon!5 on the cor- 
rection of atrioventricular canal during the first year of 
life, a procedure probably not even contemplated seri- 
ously 20 years ago. 

Cardiac arrhythmias: There has been a revolution 
in our understanding and treatment of cardiac ar- 
rhythmias. For instance, in 1958, before discovery of 
transthoracic electrical countershock, the treatment of 
refractory ventricular tachycardia with intravenous 
quinidine was described and the hazards of the negative 
inotropic effects of this drug were pointed out.!6 Con- 
trast this with the study!’ reported in Volume 40 in 
which the direct cardiac and vascular effects of intra- 
venously administered quinidine were separated in five 
heart transplant recipients with anatomically dener- 
vated hearts, using metallic markers surgically im- 
planted in the myocardial wall. It was shown that in- 
travenous quinidine does not exert a potent negative 
inotropic effect and that its major hemodynamic action 
is most consistent with venodilatation. During the past 
20 years the emphasis in the study of cardiac arrhyth- 
mias has turned from a description of the surface elec- 
trocardiogram to a physiologic analysis of the mecha- 
nism of arrhythmias, using programmed stimula- 
tion, 51? and to techniques such as sequential atrio- 
ventricular pacing.?? Also, somewhat more effective 
antiarrhythmic agents are now available.!9.2! 

Congestive heart failure: In 1958, in the treatment 
of refractory congestive heart failure, corticosteroids 
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were utilized to augment diuresis??; prior to the intro- 
duction of the thiazide or loop diuretic agents, the then 
new diuretic drugs such as ethoxzolamide?? and ami- 
noisometradine?4 were described, substances that have 
now been long forgotten. Parenterally administered 
mercurial diuretic agents,” intramuscular digitoxin?6 
and oral acetyl-digitoxin?' received attention in Volume 
l as effective measures for treating heart failure. In 
contrast, in Volume 40 a persuasive case is made for the 
use of vasodilators in the treatment of chronic conges- 
tive heart failure?5-?? and of intraaortic balloon coun- 
terpulsation in certain acute cases.3132 

New approaches: Volume 40 abounds with many 
other concepts and techniques for the understanding, 
diagnosis and treatment of heart disease not even con- 
sidered 20 years ago. Just a few among these are selec- 
tive coronary arteriography; the use of myocardial 
technetium-99m pyrophosphate imaging in patients 
with myocardial infarction??; the many other applica- 
tions of radionuclide angiography; transcatheter en- 
docardial biopsy of the ventricles*4; the use of ergono- 
vine to provoke coronary spasm demonstrated by cor- 
onary arteriography?*; the use of instantaneous force- 
velocity-length relations to define myocardial con- 
tractility in the intact human heart?6?7; the use of am- 
bulatory electrocardiograms to solve complex diagnostic 
puzzles?*; intravenous diazoxide therapy in hyperten- 
sive crises??; demonstration of the reversibility of ul- 
trastructural changes in the myocardium after cessation 
of prolonged intake of ethanol^*; the use of beta ad- 
renergic blockade for the treatment of three major 
disease states—hypertension, arrhythmias and angi- 
na?4!: and the concept of preserving ischemic myo- 
cardium after coronary occlusion.*? Also, note the many 
forms of circulatory disease unrecognized in 1958, but 
part of the daily vocabulary of the cardiologist today 
and discussed in Volume 40. These include relatively 
common conditions such as mitral valve prolapse and 
idiopathic hypertrophic subaortic stenosis, as well as 
uncommon ones, such as Bartter's syndrome? and 
coronary arteritis due to the acute febrile mucocuta- 
neous lymph node syndrome.*4 


A Change in Leadership 


Although it is proper to celebrate these spectacular 
developments of the past 20 years, it is sobering to note 
that there has been a subtle, but nonetheless real change 
in the leadership of cardiology. Among the authors who 
contributed to Volume 1 of the Journal were such tow- 
ering and colorful figures as Charles Bailey, Claude 
Beck, Richard Bing, Ignacio Chavez, Raymond Heim 
de Balsac, Bruno Kisch, Samuel Levine, Myron 
Prinzmetal, Wilhelm Raab, Sujoy Roy, David Scherf, 
Hans Selye, Horace Smirk, Demetrio Sodi Pallares and 
Paul Wood. These men, and other giants of cardiology, 
cardiac surgery and cardiovascular science such as Al- 
fred Blalock, Herrmann Blumgart, Russell Brock, 
Andre Cournand, Charles Friedberg, Robert Gross, 
Hans Hecht, Louis Katz, Irvine Page, Helen Taussig, 
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Paul White and Carol Wiggers are either departed or 
have become less active.* During the past two decades 
cardiology has been deprived not only of outstanding 
scholars and clinicians, but also of a certain drive, force 
and style that have been so important in propelling the 
field forward. Who now has the breadth and historical 
perspective of the entire field to provide the type of 
overview offered by Ignazio Chavez‘ in the opening 
paper of the Inaugural Issue of the Journal entitled 
“Thirty Years’ Progress in Cardiological Diagnosis"? 
Who now has the richness of clinical experience and the 
masterful ability to integrate this knowledge that al- 
lowed Samuel Levine*® to discuss “Some Puzzling 
Points Concerning Angina Pectoris” in Volume 1? Who 
can now make the clinical-hemodynamic correlations 
as effectively as did Paul Wood? 20 years ago? 


The Decades Ahead 


We must not rest complacently as we contemplate the 
advances of the last two decades. We are in a golden age 
of cardiology, but I submit that this golden age has just 
begun. For example, in the past 20 years we have de- 
veloped and learned how to use new drugs to lower ar- 
terial pressure in patients with hypertension and 
thereby to reduce the risks of a variety of complications, 
as well as to identify a number of curable forms of hy- 
pertension. However, we have not yet learned the cause 
of hypertension as it exists in the majority of patients 
and we have not yet learned how to motivate patients 
discovered to have hypertension to maintain effective 
therapy. We have learned how to diagnose complex 
congenital cardiovascular deformities by means of 
catheterization and angiography and to prolong the life 
of many infants by corrective and palliative operations, 
but we have not yet sorted out the genetic and fetal 
environmental abnormalities responsible for congenital 
heart disease, nor have we learned how to prevent these 
lesions. Similarly, during the last 20 years we have 
learned how to prevent recurrences of acute rheumatic 
fever and prevent the development of rheumatic heart 
disease, if the initial attack eluded preventive measures, 
and we have learned how to replace valves damaged 
from rheumatic fever. However, we have not yet learned 
how to diagnose streptococcal infection in all children, 
to treat all susceptible children long enough to prevent 


' Dr. Richard J. Bing is the only author who contributed to both 
Volumes 1 and 40 of the Journal. 
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valve deformities, or how to prevent the development 
of valve deformities in patients who have never had an 
acute attack. 


We have learned, by surgical procedures, to correct : 


or bypass atherosclerotic obstructions in the major ar- 
teries of the body, including the coronary vascular bed, 


but we do not fully understand the fundamental ° 


mechanism responsible for atherosclerosis or how to 
prevent and treat it in an early stage. We have learned 
how to correct serious, often fatal cardiac arrhythmias 
by means of electric countershock and cardiac pace- 
makers, but we do not know how to treat the basic 
underlying conditions responsible for the arrhythmia. 
We have made some progress in identifying patients at 
risk for sudden death, but have not learned how to 
prevent this catastrophic event. 

The celebration of this anniversary of The American 
Journal of Cardiology provides a marvelous opportu- 
nity to look back at the past 20 years but demands that 
we also look ahead. I am hopeful that the pages of the 
Journal in the next two decades will fill several of the 
gaps of knowledge I have mentioned. I anticipate that 
those of us fortunate enough to be around at the time 
of the Journal's 40th anniversary in 1998 will be as ex- 
hilarated by contemplating the differences between 
Volume 41 and 80 as we have every right to be when we 
examine the differences between Volumes 1 and 40. 

Simon Dack has rendered outstanding and historic 
service to the entire field of cardiology as the midwife 
and parent of the Journal. He nurtured it carefully 
during its infancy and guided it into childhood and 
adolescence so that it is now a self-sustaining robust 
young adult. May he have the continued energy, drive 
and perspicacity to see it into maturity! 


os. i 


Eugene Braunwald, MD, FACC 
Department of Medicine 
Harvard Medical School 

and 

Peter Bent Brigham Hospital 
Boston, Massachusetts 
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A FAMILY PARTY 


We were swapping editorial stories, Simon Dack and I, outside the Las Vegas 
Convention Center when the American College of Cardiology was meeting there 
in 1977. I was a comparative novice, he an old hand with the answer for everything. 
He'd lived through all the travails, survived all the editorial crises and denied any 
secret skills. The Journal, he said, runs itself when you pick the right people to help 
you, the right publishers, administrative staff and the best medical communicators 
in the country. His editorial committee was meeting in the next few minutes, and 
wouldn't I join them in Room D. Room D that day was like a family party, all Si- 
mon's best communicators seated around a long oblong table, while he, communi- 
cator-in-chief, took his place at the head, mounted on a low dais like a conductor 
about to create music. He reminded me of a Stokowski rehearsal I once slipped into: 
the maestro surrounded by the country's finest instrumentalists, drawing out their 
individual talents and bringing them all together with his particular type of magic. 
Simon in Las Vegas called on this one and that to give a little solo—the theme was 
Editorials —now agreeing, now arguing or countersuggesting but all the time clearly 
delighted with the whole arrangement. Everyone had his say, and if someone didn't 
speak up, Simon pointed, *What about it, Bill? Are you going to let him get away 
with that!?" 

He wanted to know about British Heart Journal policy, why we did this or that, 
the future of SI units, should there be referees, how many, and should they be paid, 
each point setting off fresh talk and sometimes little revolutions around the table. 
Then a few lively sociable exchanges with the publisher, a final brief round of 
compliments and criticisms, and the session ended, Simon asserting to the end his 
aggressive editorial independence and I feeling very much at home. 

The Pulitzer prizes are awarded for poetry, music, fiction, drama and history; 
if I had my way, I'd include one for medical editing . . . and award it to Simon 


1) 9t. Sow 


Walter Somerville, MD, FACC 
Editor 
British Heart Journal 
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NOTES FROM A COLLEAGUE 


This issue, paying tribute to Simon Dack, commemo- 
rates the 20 years in which he has served as Editor of 
The American Journal of Cardiology. It coincides with 
publication of the first issue of Circulation, of which I 
have assumed responsibility as Editor. 

As a novice editor, I look with some awe and sheer 
amazement at the stamina of this man and his accom- 
plishments with the Journal over the past 20 years. The 
eminence that Circulation has achieved during its 28 
years of publication was reached through the efforts of 
a number of editors who devoted themselves to that 
journal. Simon Dack, in contrast, single-handedly took 
a fledgling journal and developed it into one of the 
premier journals in the cardiologic field. From a be- 
ginning in which only a handful of subscribers used the 
` Journal, he has built The American Journal of Cardi- 
ology so that it now reaches more than 23,000 sub- 
scribers every month. 

Members of the American College of Cardiology are 
appropriately proud of their official organ. It serves as 
an important educational tool and publishes articles 
reflecting significant clinical research, the development 
of new methods, clinical observations, results of therapy, 
pertinent experimental studies and reviews on timely 
subjects. The quality of its articles has increasingly 
improved over the years and reflects the clinical skills 
that Simon Dack himself possesses. 


/ A t oe 
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Simon Dack has an encyclopedic knowledge of the 


scientific literature. He has been an indefatigable * 


worker, dedicated to the continuing improvement of 
The American Journal of Cardiology. He has remained 
respected, admired and well liked after 20 years as Ed- 
itor. Editors, like medical school deans, rarely remain 
in favor for months, let alone years. To be held in af- 
fection and admiration after 20 years testifies to the 
fairness and objectivity that he has brought to the de- 
cisions made as Editor in his dealings with authors and 
readers alike. As a result of his efforts, The American 
Journal of Cardiology is now one of the world's out- 
standing medical journals. 

The Associate Editors of Circulation and I are proud 
to Join in this tribute to Simon Dack, and to wish him 
further success as Editor of The American Journal of 


Cardiology. 
3** l 
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Elliot Rapaport, MD, FACC 
Editor 
Circulation 
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SI DACK, MD 


Simon Dack has made important contributions to ed- 
ucation and advancements in knowledge in cardiology 
during his 20 years as Editor of The American Journal 
of Cardiology. The thousands of papers published have 
supplied an outlet for information from authors to 
readers. The Journal has effectively represented all 
aspects of cardiology during these years and has pro- 
vided a continuum of information on advances in car- 
diology with ultimate benefit to the patient. The Jour- 
nal has grown in circulation and importance during the 
past 20 years under the mature and effective guidance 
of Si Dack. 

To appreciate The American Journal of Cardiology 
fully, it is necessary to know the Editor-in-Chief. Si 
Dack is a fair man. He is honest, and he readily and 
consistently recognizes those who have been responsible 
for new ideas and advances in cardiology. He is not 
prejudiced in the selection of papers for publication, as 
is evident from a review of any volume of his Journal. 
He participates in clinical cardiology himself. He is a 
cardiologist who cares for patients and who is able to 
evaluate personally what he publishes. He therefore 
knows what is happening in private offices and in the 
hospitals of his city and country. Si teaches, lectures and 
participates actively in cardiology, and he knows the 
influence his Journal has in the entire field of cardiol- 
ogy. Si is aware of the activities in cardiology, long be- 
fore manuscripts on the respective subjects reach him. 
He is fully aware of his responsibilities as Editor of the 
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Journal, and he is highly respected in cardiology and in 
the field of medical publication. 

Si, through The American Journal of Cardiology, has 
made important contributions to the American College 
of Cardiology. The American Journal of Cardiology is 
the official journal of the American College of Cardiol- 
ogy. For 1 year Si was both President of the College and 
Editor of the Journal. While maintaining his loyalties 
and responsibilities to the Journal, he has not allowed 
any conflict of interest to impair his responsibilities to 
its sponsor, the American College of Cardiology. Si’s 
personality, fairness and unselfish interests have made 
him an excellent editor. He has managed this difficult 
position gracefully and without conflict of interest or 


controversy. May he continue to discharge this re-. 


sponsibility for many years to come and in good health, 
with good luck and great happiness. The publishers owe 
a debt of gratitude to their Editor-in-Chief. 

Many thanks, Si, from all of us who read your Journal 
regularly. 


p E jas 


George Burch, MD, FACC 
Editor 
American Heart Journal 
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CARDIOLOGY FOR THE CLINICIAN: 
SIMON DACK'S EDITORIAL PERSPECTIVE 


An editor's philosophy and interests are reflected most 
clearly in the journal departments that are structured 

by his invitation. The Editor of The American Journal 

of Cardiology is a superb investigator, teacher and 
Clinician. All of these facets of his career are mirrored 

in the pages of the periodical he has directed so ably for 
_ two decades. However, by perusing special sections such 
. as “Diagnostic Shelf," “Reports on Therapy" and 
"Reviews," one learns of Simon Dack's particular con- 
cern for the practitioner of cardiology. 

The enormous increase in biomedical research in the 
past 20 years has resulted in a continuing torrent of 
reports of basic investigational nature. The American 
- Journal of Cardiology accepts the responsibility to 
serve the needs of this segment of the cardiovascular 

community by providing stringent peer review proce- 
. dures that lead to eventual publication of the finest 
original investigations. A distinguished Editorial Board 

and authoritative out-of-office consultants screen each 
manuscript for validity and significance. Their skills are 
evidenced by the number of historic contributions in 
cardiology that have appeared in The American Jour- 
nal of Cardiology. Physiologists, cardiovascular pa- 
thologists and laboratory scientists have been afforded 
a national forum in its pages. However, in 1958 Simon 
Dack perceived that large numbers of physicians who 
treated patients with cardiovascular diseases believéd 
that relatively few articles in specialty journals had 

clinical relevance. He feared disenfranchisement of 
practicing specialists who required practical guidance 
for daily needs. Aware of the responsibility to assist both 
practitioner and investigator, Simon Dack used his 
creative energies to mold a journal that serves both 
readerships. 

Dramatic changes have occurred in medical education 
in the past 20 years. An increasing number of state 
govérnments have notified the medical profession that 
proof of continuing education will be a requirement for 
relicensure, and some specialty societies have estab- 
lished similar requirements for membership. As a result, 
there has been a preoccupation with mandatory atten- 
dance at postgraduate courses and an emphasis upon 
self-assessment workbooks and a host of other innova- 
tions. Important as some of these contributions may 
have been, we were threatened with neglect of medical 

- periodicals. Strong leadership was required to remind 
‘ the medical community of the invaluable role the soci- 
"ety journal plays in the continuing education of the 
graduate physician. It was necessary for editors to 
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counter the accusation that specialty journals serve 
exclusively the gratifications of the investigator. Be- 
cause he is a master clinician it is not surprising that 
Simon Dack responded to the needs of the practitioner 
as well as those of the full-time faculty member. Proof 
that his editorial creation fills current needs is evidenced 
by the striking growth in the number of subscriptions. 
The physician who treats myocardial infarction, con- 
gestive heart failure or congenital heart disease, whether 
he be in a rural or urban community, finds communi- 
cations of direct interest to him in each issue. Bedside 
clinicians in Los Angeles, Syracuse, Montreal, Rome 
and Tokyo know that Simon Dack is aware of their 
concerns. House officers and medical students appre- 
ciate the assistance that the Journal provides for them 
in their hospital rounds. 

What of Simon Dack's working habits? His phe- 
nomenal memory brings delight to his Associate Editors 
and Senior Assistant Editors. Woe betide the hapless 
author who attempts to submit a “retread” under the 
guise of current investigation. Si may point out to his 
colleagues that “... this author submitted essentially 
the same work 3 years ago. The original manuscript 
described a few less patients and it had a different title 
but it is still an unacceptable paper!” His intimate ac- 
quaintance with recent and current medical reports 
makes it possible for him to sort out the repetitious from 
the fresh, the pedestrian from the original, and thus he 
saves the reader the wasteful task of reading the insig- 
nificant and the redundant. 

As the official journal of a splendid specialty profes- 
sional society, The American Journal of Cardiology 
mirrors the aspirations of that society. One of the most 
skilled cardiologists of our era has brought to that pe- 
riodical his enthusiasm for teaching and the discrimi- 
nating taste of someone who has unique talents in the 
art and science of cardiovascular medicine. We are in- 
debted to him for his skillful and dedicated service and 
look forward to the years ahead when we shall continue 
to have the privilege of being students in his editorial 


classroom. 
ift 


Alfred Soffer, MD, FACC 
Editor 
Chest 
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A PERSONAL TRIBUTE 


Simon Dack is admired for his precise, informal, incisive and highly successful 
leadership of the Journal that he has nurtured to the front rank. It was therefore 
with reluctance that I felt compelled recently to resign as an editorial consultant 
to his Journal because of my own status as a neophyte editor. My personal esteem 
for this paragon among editors is reflected in my recent letter to him: 

“I can assure you that I have particularly enjoyed serving as a consultant to 
you and your staff, and that I am most sincerely impressed at the expert, innovative 
and industrious guidance you have given The American Journal of Cardiology 
through your years as its Editor. If I could begin to compare in my new responsibility 
with the successes which you have achieved, I would be extremely gratif ied. In that 
connection, I might also ask permission to seek your advice and counsel from time 
to time in the future as the occasion may arise. I would value it most highly." 

Needless to say, this dedicated servant of our profession freely offered me his 
assistance, as he has through the years to investigators, authors, reviewers, students 
and patients. 

It gives us all confidence to know that we can continue to call upon the wisdom 


and experience of this great leader. 


Dwight C. McGoon, MD, FACC 
Editor 
The Journal of Thoracic and Cardiovascular Surgery 
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SIMON DACK AND © 


| The American Journal of Cardiology 


The American Journal of Cardiology first appeared 
in January 1958, and this year represents its 20th 
birthday. During these two decades, the Journal has 
grown each year in number of readers, subscribers and 
manuscripts submitted, so that at present it is the most 
widely read cardiology journal (three independent 
surveys) and has the largest number of subscribers (over 
23,000) of any cardiology journal in the world. In addi- 
tion, it is the fastest growing medical journal in the 
United States. The number of manuscripts submitted 
to the Journal in 1977 was 1,022 or nearly 20 a week. 
This number represents a 100 percent increase in 
number of manuscripts submitted since 1968 and a 50 
percent increase in the past 5 years alone. The number 
of pages of the Journal allocated to the accepted man- 
uscripts also has increased yearly so that in 1977 over 

: 2,100 nonadvertising pages were published. The Journal 
is, by a considerable margin, the most popular of the 
cardiology journals among advertisers, and this adver- 
tising growth has allowed publication of more pages of 
manuscripts. In recent years the Journal has published 
13 and 14 issues annually, rather than 12, and these 
additional issues are made possible because of the strong 
advertising support. 

What is responsible for this phenomenal growth of 
The American Journal of Cardiology during these past 
20 years? One factor is the growth in the number of 
potential and real subscribers during this period. The 
number of physicians, hospitals, medical schools, 
medical libraries and large medical clinics has increased 
enormously in recent years. Another factor is the growth 
in membership and prominence of the American Col- 
lege of Cardiology, and every member of the College 
automatically is a subscriber to the Journal. Another 
factor is strong support and cooperation from the 
publisher and his staff. None of these three factors, 
however, provides an adequate explanation for the rapid 
growth of the Journal. Many medical journals (and 
there are now more than 140,000 bioscience journals 
published worldwide each year) during this period ac- 
tually decreased in numbers of readers, subscribers and 
manuscripts submitted. More than 60 percent of the 
subscribers to the Journal are non-College members, 
and some first-rate medical publishers are burdened 

„With second- and third-rate publications because of 
. medical factors they do not control. 
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The major factor responsible for the rise of The 
American Journal of Cardiology to its leadership po- 
sition within a 20 year period is the high quality of the 
articles published in it. What factors are responsible for 
this high quality? First, first-rate articles are submitted 
to the Journal for consideration for publication. To 
publish first-rate articles, first-rate manuscripts must 
be received. At present, of every 100 manuscripts sub- 
mitted, about 22 are accepted. (The acceptance rate, 
incidentally, has remained at this level for some years, 
despite about a 10 percent yearly increase in number of 
manuscripts submitted, only because the number of 
pages published has increased about 10 percent annu- 
ally.) Another factor responsible for the high quality of 
manuscripts published is the excellence of the reviews 
of the papers by members of the Editorial Board and 
by eutside editorial consultants, and appropriate revi- 
sions of the submitted manuscripts by the authors. Each 
of the 75 Editorial Board members reviews about 12 
manuscripts yearly. All manuscripts, however, receive 
two reviews, many three reviews, so that outside con- 
sultant reviewing is essential. Another factor is the su- 
perb assistance of the Assistant Editors. Another is the 
excellent work of Ruth Ohman, the Journal's Executive 
Editor, her assistants and her predecessors. Another is 
helpful suggestions for improvement of the Journal by 
members of the Editorial Board, the Publications 
Committee of the College and others. And, finally, the 
guidance provided by a devoted, informed, hard- 
working, thorough, fair, independent, confident, 
open-minded, efficient, realistic, unselfish, creative, 
modest, humble, personable, genuine and relaxed 
Editor-in-Chief has been crucial. 

Who is this Simon Dack who possesses such an array 
of attributes? Si Dack is *a native New Yorker," born 
on April 19, 1908, and he has lived in “the city" ever 
since. He was graduated from the College of the City of 
New York in 1928 and from New York Medical College 
in 1932. He trained at the Mount Sinai Hospital in New 
York and has been a cardiologist on its staff ever since. 
After completion of training, he went into private 
practice, initially with Dr. Arthur M. Master, and he has 
been a sought-after consultant cardiologist ever since. 
He is now Consultant Cardiologist and Emeritus Clin- 
ical Professor of Medicine at the Mount Sinai School of 
Medicine and for several years was Chief of its Division 
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of CaMliology. Since January 1958, he has been Edi- 
tor-in-Chief of The American Journal of Cardiology, 
and during these past 20 years 257 issues of the Journal 
have been imprinted with his unmistakable stamp. Si 
Dack in his modest way emphasizes that *the growth 
and success of the Journal are not due to the efforts of 
just one man," that is, the Editor-in-Chief. Fortunately, 
however, as Editor-in-Chief for all these years, Si Dack 
has been more than “just one man.” Let us look into 
those attributes of his that make him today cardiology's 
most renowned editor. 

Well informed professionally. Si Dack lives daily in 
the real world of cardiology. He takes care of patients 
with heart disease. He is attuned to what the practicing 
cardiologist needs to know. His intimate connection 
with a prominent medical school and hospital also keeps 


* him attuned to the needs of the academic cardiologist. 


For several decades he has been a student of cardiologic 
writings, and he detects quickly what is good and who 
is good. Indeed, this wise editor keeps well ahead of the 
general status of knowledge. 

Hardworking, efficient, organized, thorough. Si Dack 
spends 25 to 30 hours a week on the Journal. He reviews 
personally every manuscript before and after accep- 
tance as well as the final page proofs. There is a general 
view that the Editor-in-Chief simply acts as the final 
judge of which manuscripts are accepted for publication. 
Certainly, Si Dack plays an active role in this selection 
process, but his *work really just begins after the 
manuscript is accepted." While the classical music plays 
in the background, each accepted manuscript receives 
his personal editorial touch, and he edits for the readers 
rather than for the authors (or himself). He tries to give 
the readers what they need and what they want. His 
weekly meetings with his Assistant Editors are examples 
of efficient and effective organization. 

Fair, ethical. Si Dack favors no particular investi- 
gator, group or medical center, and he avoids no issue 
or idea. He evaluates not only a review of a manuscript 
but also the reviewer, because reviewing a manuscript 
occasionally brings out the worst in people. Therefore, 
Si Dack does not take the opinions of his reviewers as 
necessarily the correct view, and he will accept a man- 
uscript despite two negative reviews if he believes that 
the reviewers were unfair or prejudiced against the au- 
thor. Another example of his fairness was his resignation 
some years ago as Chairman of the Publications Com- 
mittee of the College. He felt that an editor and his 
policies and activities should be overseen by an inde- 
pendent body. 

Independent, confident. In these days of enormous 
pressures to publish to survive in the academic arena, 
Si Dack does not succumb to pressures to publish 
manuscripts which are not up to high standards. Al- 
though he derives no pleasure from such chores, Si Dack 
has no hesitation in refusing a manuscript submitted 
by one of his friends or even by one of the Editorial 
Board members who, let's say, just reviewed superbly 
three manuscripts for him in the last 3 weeks. It is also 
not easy for an editor to request an editorial or a review 
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from someone and then have to refuse to publish it be- 
cause the standards are not up to par. Again, Si Dack 
with self-assurance makes these decisions correctly, for 
his basis for all decisions is simply, “What is best for the 
Journal?” Si Dack also is not burdened at present by 
responsibilities for directing a large Department of 
Medicine or Division of Cardiology from which con- 
siderable pressure might be felt to favor members of his 
own unit. 

Open-minded. Si Dack would rather listen than talk. 
He is open to suggestions that might improve the 
Journal. An example of this openness is the manner in 
which he conducts the annual meeting of his Editorial 
Board. During the first 15 minutes or so of the meeting, 
both Si and the Publisher give status reports on the 
Journal. Thereafter, for the next 45 to 60 minutes, the 
floor is open for discussion. “What am I doing wrong?" 
he asks. He actively seeks suggestions that might im- 
prove the Journal. He also listens to suggestions from 
the Publications Committee of the College. Under John 
Ross's leadership of this Committee from 1971 to 1977, 
several procedures for standardizing the operations of 
the Journal were formulated. These included (1) lim- 
iting terms of the Editorial Board members; (2) re- 
quiring written reviews by at least two reviewers of all 
manuscripts, including editorials, symposia and reviews 
as well as original articles; (3) requiring approval of 
Editorial Board members by the Publications Com- 
mittee; and (4) making concerted efforts to diminish the 
lag time between acceptance of a manuscript and its 


publication. (This time period now is under 6 ` 


months.) 

Modest, humble, personable, unselfish, relaxed. Si 
Dack is a warm, straight, unpretentious, genuine and 
relaxed man. Because the Journal runs so smoothly and 
because he keeps such a low profile, it is easy to take him 
for granted. He reminds me of the duck who floats so 
calmly on the surface of the water and the rapidly 
moving legs beneath are not visible. A paper by Si Dack 
infrequently appears in the Journal although he has 
about 165 publications to his credit. Excluding ab- 
stracts, he has published about 10 articles in the Journal 
in 20 years and never an editorial. Si Dack serves as a 
conduit through which others may glow, and he polishes 
all our manuscripts. Si Dack's style reminds me of an 
anecdote told about Saxe Commins, the great editor at 
Random House for 25 years, who finely tuned the works 
of Eugene O'Neill, William Faulkner and others. Once, 
when Saxe Commins was at a cocktail party and 
standing by himself in a corner, a lady bustled up to him 
and asked, *Why are you in a corner? Are you a writer?" 
“No,” he said. “Then what do you do,” she wanted to 
know, and Commins replied: “I’m in the cleaning and 
repairing business” (Commins D: What Is An Editor? 
Saxe Commins At Work, University of Chicago Press, 
1978, 232 pages). His modesty was recently emphasized 
to me at an elegant dinner in March 1978 given by Lou 
Le Jacq, the publisher, in honor of Si Dack on this 20th 


anniversary. The table was long, with single seats at -. 
both ends. Si insisted that the outgoing ånd incoming , 
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presidents of the College sit at these head chairs, and 
he joined the others of us along the sides. His modesty 
and humility, however, do not diminish the underlying 
vigorous, strong, confident leadership with which Si 
Dack directs the Journal. 

Si Dack obviously is well aware of the enormous re- 
sponsibility of an editor of a major journal today, and 
he does not abuse or misuse this power. Editors, in es- 
sence, determine what is news and, therefore, they 
govern the academic fates of many of us in the world of 
investigative medicine. Although nearly all medical 
writers can get their works published somewhere, only 
those reports that appear in the prominent medical 
journals, for practical purposes, cause significant shifts 
in the practice of medicine. Thus, the Editors-in-Chief 
of the major journals serve, to some extent, as “super- 
bosses" through which all medical ideas and medical 
careers must travel. Si Dack handles this *superboss" 
role with quiet excellence. John Selden, the acknowl- 
edged master of the Antiquarian Society, said it best, 
“Those who govern the most make the least noise." 

Devoted. Si Dack's devotion extends far beyond his 
fierce loyalty to the College and to its official Journal. 
He is a devoted family man, and his devotion to his wife 
Jackie and their two children, Leonard and J erilyn, is 
wonderful to behold. All of us are fortunate that his 
family has willingly shared Simon's time with us 
through these 20 years, and we extend our deep-felt 
thanks to them. 
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In summary, the Publications Committee $f the 
College is proud of Si Dack's editorship and unani- 
mously in March 1978 recommended to the Execttive 
Committee of the College that his contract as Editor- 
in-Chief of the Journal be renewed for another 5 year 
term beginning July 1, 1978. Fortunately, for cardiology 
in general and The American Journal of Cardiology in 
particular, Si Dack accepted. Thus, this modest man 
will surpass the reign of other recent 20 years giants— 
Sir Theodore Fox at the Lancet from 1945 to 1965, 
Hugh Clegg at the British Medical Journal from 1947 
to 1965, and Joseph Garland at The New England 
Journal of Medicine from 1947 to 1967—and he will 
follow in longevity a 25 year giant, Alexander B. Gut- 
man, at The American Journal of Medicine from 1946 
to 1971. Editorships of these time spans now are rare, 
but with Si Dack we have a successful pilot and we know 
that the ship will move steadily onward to its proper 


destination. 
Wille, C. Kh te 


William C. Roberts, MD, FACC 
Chairman, Publications Committee 
The American College of Cardiology 
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SIMON DACK, MD—EDITOR-IN-CHIEF 


Reflections of the Senior Assistant Editors 


With gratification, we have seen The American Journal 
of Cardiology start as a fledgling and, in the 20 years 
since its birth, assume a preeminent internationally 
recognized position as a major resource and force in the 
education and training of cardiologists. Although many 
people are associated with this success, it is in largest 
measure attributable to the Journal’s founder and sole 
Editor-in-Chief, Simon Dack. 

Elsewhere in this issue, Dr. Eugene Braunwald 
chronicles the enormous advances in cardiology during 
the 20 years of the Journal’s existence, advances that 
the Journal has presented to the profession in a variety 
of ways but always, at the Editor’s insistence, in a con- 
cise, readable format. The wide range of material has 
included original clinical studies, basic scientific and 
clinical research, symposia, seminars and reviews, de- 
scriptions of new methods, letters to the Editor, reports 
of therapy and case reports. To supervise the Journal 
team, to recognize and even anticipate significant ad- 
vances in a rapidly changing field, to separate the im- 
portant from the trivial and to eliminate the false, to 
meet deadlines and to perform the many onerous tasks 
associated with presenting each month an attractive 
publication with impeccable journalistic and profes- 
sional standards requires a special person. We have al- 
ways known Simon Dack to be that special individu- 
al. 

These unique personal characteristics of Simon Dack 
the man make Simon Dack the Editor a recognized 
success. He combines an enormous capacity for work 
with an equally enormous dedication to the Journal in 
all details: from selection of articles to an insistence on 
the highest technical quality in production of the 
Journal. At an age when many who have achieved his 
eminence may reason that they have “paid their dues” 
to their career and slacken their pace of production in 
pursuit of more comfortable pleasures, Simon continues 
to work with an intensity and capacity that have re- 
mained undiminished over the years. He is aided—in 
no small measure—in this pursuit of excellence by the 
attitude and support of his lovely wife, Jackie (who, 
incidentally, chose the color of the Journal’s original 
cover) and his two outstanding children. He has 
achieved these accomplishments despite great demands 
on his time from his teaching activities, clinical inves- 
tigations and a busy practice as a much-sought after 
cardiologic consultant. 

A close look at Simon’s background shows that, like 
the Journal, he has grown up with cardiology as an in- 


vestigator, teacher, practitioner and consultant. This 
experience gives him that great intuitive ability to judge 
and assess with amazing accuracy the intrinsic worth 
of an article or an idea, to analyze and predict advances 
in the field and to present them in an understandable, 
informative manner. His daily involvement with patient 
care in the most difficult areas in cardiology equips him 
to see the Journal as a practicing cardiologist might, to 
pose the same questions and seek the same answers as 
our knowledgeable readership. He is not separate and 
apart from the practicing cardiologists trying to help 
their patient—he is one of them. But he is more, because 
of his research background and enormous experience 
in teaching young cardiologists and in treating pa- 
tients. 

As cardiology became more complex over the years, 
editing the Journal also became more difficult. But 


Simon never hesitates to secure the best informed . 


opinions from experts in the field before accepting or 
rejecting an article for publication. He does not impose 
his personal opinion if more knowledgeable experts are 
available. He scrupulously avoids “favoritism” or par- 
tiality because of the prestige of the author or his in- 
stitution. Similarly, the lack of such prestige has never 
prevented acceptance of a worthwhile contribution. 
Simon’s sole philosophy has been to publish the best, 
without regard to friendship or to other pressures. In a 
word, Simon has integrity. And of all his admirable 
characteristics that propelled the Journal to its present 
position, this is probably the most important. 

For the Senior Assistant Editors, the appointment 
to work closely with Simon during these many years has 
been an unusual continued precious learning experience 
of the highest and most exciting intellectual calibre. We 
are looking forward to the next 20! 


forts 0 Je. 


For the Senior Assistant Editors 
Leslie A. Kuhn, MD, FACC 


Ira J. Gelb, MD, FACC 
Raymond Harris, MD, FACC 
Melvin Kahn, MD, FACC 
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TO OUR EDITOR 


It seems to me that medicine, medical writing and medical publishing are analogous. 
They share the same disciplines, opportunities and pitfalls. 

The physician deals with that multifaceted, mysterious organism called man— 
making that work most effectively is his goal. Medical authors try to express in ef- 
fective terms the results of their complex intellectual and practical experiences. 
Medical publishers try to provide the effective vehicle for transmitting that 
knowledge. The thread common to these activities is effectiveness in the face of an 
enormous mass of complexities and pitfalls. 

It is our privilege to have provided Dr. Simon Dack an effective medium for the 
dissemination of outstanding editorial work. Final selection of editorial content, 
the lifeblood of the Journal, is his responsibility. His talent in determining that 
selection is its heart. 

The tributes to him and the Journal in this issue speak well of the contributions 
that this gifted Editor has made during these 20 years. I can only add the thought 
that Simon Dack is unique because in him we find melded the most elusive of at- 
tributes—dedication, sensitivity, humility and common sense. 

An Irish toast to you, Simon, *May the wind be always at your back, may the roads 
rise to meet you and may God hold you in the palm of His hand." 

On to the next 20 years! 


A E Ka Gog 


Louis F. Le Jacq 
Publisher 
The American Journal of Cardiology 
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listing of our titles in cardiology. 









Bhargava: COR PULMONALE 
308 pages, 36 tables, 1973 $17.50 


Bolooki: CLINICAL APPLICATION OF INTRA-AORTIC 
BALLOON PUMP 
512 pages, illustrations, 1977 $34.50 


Cohn: SURGICAL TREATMENT OF ACUTE 
MYOCARDIAL ISCHEMIA 
180 pages, illustrations, 1973 $16.50 


Cranefield: THE CONDUCTION OF THE CARDIAC 
IMPULSE: The Slow Response and Cardiac Arrhythmias 
416 pages, 1975 $27.50 


Eliot: STRESS AND THE HEART 
(Contemporary Problems in Cardiology, Vol. 1) 
432 pages, illustrations, 1974 $14.95 


Eliot et al: CARDIAC EMERGENCIES 
(Contemporary Problems in Cardiology, Vol. 3) 
392 pages, illustrations, 1977 $22.50 


Ferrer: ELECTROCARDIOGRAPHIC NOTEBOOK 
160 pages, 44 illustrations, 6 tables, 1973 $4.95 
Paperbound 


Ferrer: THE SICK SINUS SYNDROME 
128 pages, 86 illustrations, 1974, $13.50 


Ferrer: PRE-EXCITATION including the 
Wolff-Parkinson-White and other related syndromes 
292 pages, 120 illustrations, 1976 $27.50 


Gensini et al: CONCEPTS ON THE MECHANISMS AND 
TREATMENT OF ARRHYTHMIAS 
304 pages, illustrations, 1974 $18.50 


Gensini: CORONARY ARTERIOGRAH Y 
488 pages, 564 illustrations, 1975 $48.00 


Goldstein; SUDDEN DEATH AND CORONARY 
HEART DISEASE 
224 pages, illustrations, tables, 1974 $15.00 


Haft and Horowitz: CLINICAL ECHOCARDIOGRAPHY 
256 pages, 100 illustrations, 1978 $19.00 


Haft and Bailey: ADVANCES IN THE MANAGEMENT 
OF CLINICAL HEART DISEASE 

Volume I 427 pages, illustrations, 1976 $34.95 

Volume II 270 pages, illustrations, 1978 $19.75 

Volume III 274 pages, illustrations, 1978 $19.75 


Hoffman and Cranefield: ELECTROPHYSIOLOGY 
OF THE HEART 
320 pages, 1960 (Reprint 1976) $17.50 
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Kidd and Rowe: THE CHILD WITH CONGENITAL HEART 


DISEASE AFTER SURGERY 
466 pages, 176 illustrations, 1976 $29.50 


Kones: CARDIOGENIC SHOCK: MECHANISMS AND 
MANAGEMENT 
400 pages, illustrations, 1974 $22.95 


Kones: GLUCOSE, INSULIN, POTASSIUM 
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In the shock syndrome: 


Selectively redirects blood to vital organs 


Increases vital organ perfusion 


In the shock syndrome, perfusion pressure usually 
does not meet the metabolic needs of the vital 
organs. When volume replacement fails to reverse 
this process, additional therapy must be initiated 


e to increase cardiac output and blood pressure 


and to increase blood flow to vitai organs. 
Intropin (dopamine HC!) is the only drug that 
both increases cardiac output and blood pressure 
while specifically redirecting the blood flow. 


Maintains kidney function 


The unique ability of Intropin to act on the 
"dopaminergic" receptors in the mesenteric and 
renal vasculature causes vasodilation in these 
beds and leads to increased renal blood flow, 
glomerular filtration rate and urine output. At low 
dose levels (less than 5 mcg/kg/min), when 
cardiac stimulation is not usually observed, these 
increases are independent of increased cardiac 
output. 


In comparison, norepinephrine causes vasocon- 
striction in these beds, further compromising vital 
organ function.' Isoproterenol causes generalized 
systemic vasodilation (thereby requiring greater 
cardiac output to increase vital organ perfusion) 
and does not increase the renal fraction of the 
increased cardiac output.’ 


Increases cardiac output 


At higher doses (above 5 mcg/kg/min), Intropin 
begins to increase myocardial contractility, 
stroke volume and cardiac output by direct 
positive inotropic effect while maintaining much 
of the unique dopaminergic effect. In certain 
patients such as refractory congestive failure 
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^L. tients, the increase in cardiac output may be 


seén at doses of less than 5 mcg/kg/min. 


Norepinephrine, on the other hand, has a similar 
inotropic effect, but the expected increase in 
cardiac output is often diminished due to the 
increased systemic vascular resistance (afterload) 
resulting from norepinephrine's alpha adrenergic 
activity. Isoproterenol increases cardiac output 

in part through a chronotropic effect.? Its use 
results in a greater increase in myocardial 
oxygen consumption than does the inotropic 
effect of Intropin. It also results in a greater poten- 
tial for arrhythmias.? The increased cardiac 
output obtained with isoproterenol is delivered 

to the total systemic vasculature due to general 
vasodilation while the selective vasodilation of 
Intropin directs more blood supply to the areas in 
need of vital perfusion. 


Increases blood pressure 


Intropin doses of over 20 mcg/kg/min will usually 
result in an alpha adrenergic (vasoconstriction) 
response in the peripheral vasculature. This 
usually raises the pressure and also redirects 
blood flow through the vasodilated vasculature of 
the renal and mesenteric beds. Thus, Intropin can 
increase blood pressure through an inotropic 
cardiac response or at doses above 20 mcg/kg/ 
min through an additional peripheral 
vasculature response. 


References: 

1. Rosenblum, R., Am. Heart J., 87:527-530, 1974. 

2. Goldberg, L.L, N.E.J. of Med. 291:707-710, 1974. 

3. Harrison, D.C., Am. J. of Card., 35:656-659, 1975. à 
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IN TROPIN (dopamine HCI) 


5 ml. AMPUL/FOR IV INJECTION 


DESCRIPTION: INTROPIN (dopamine HCI) is 3. 4-dihydroxyphenethylamine hydrochloride, a naturally- - 


occurring biochemical catecholamine precursor of norepinephrine. The chemical structure is: 


HO CH;CH;NH, * HCI 


: HO 
CgH,,NO, + HCI Mol. Wt. 189.65 
Dopamine hydrochloride is a white, odorless Crystalline powder, freely soluble in water and soluble in 
alcohol. It is sensitive to light, alkalis, iron salts and oxidizing agents. 

Each milliliter of sterile, pyrogen-free INTROPIN Injection contains 40 mg. of dopamine hydrochloride 
(equivalent to 32.96 mg. of dopamine base) in Water for Injection, USP, containing 1% sodium bisulfite 
as a preservative. 


ACTIONS: INTROPIN exerts an inotropic effect on the myocardium resulting in an increased cardiac 
output. INTROPIN produces less increase in myocardial oxygen consumption than isoproterenol and 
its use is usually not associated with a tachyarrhythmia. Clinical studies indicate that INTROPIN usually 
increasés systolic and pulse pressure with either no effect or a slight increase in diastolic pressure. 
Total peripheral resistance at low and intermediate therapeutic doses is usually unchanged. Blood flow 
to peripheral vascular beds may decrease while mesenteric flow increases. INTROPIN has also been 
reported to dilate the renal vasculature presumptively by activation of a "'dopaminergic"" receptor. This 
action is accompanied by increases in glomerular filtration rate, renal blood flow, and sodium excretion. 
An increase in urinary output produced by dopamine is usually not associated with a decrease in 
osmolality of the urine. 


INDICATIONS: INTROPIN is indicated for the correction of hemodynamic imbalances present in the 
Shock syndrome due to myocardial infarctions, trauma, endotoxic septicemia, open heart surgery, renal 
failure. and chronic cardiac decompensation as in congestive failure. 

Where appropriate, restoration of blood volume with à suitable plasma expander or whole blood 
Should be instituted or completed prior to administration of INTROPIN. 

Patients most likely to respond adequately to INTROPIN are those in whom physiological parameters, 
Such as urine flow, myocardial function, and blood pressure, have not undergone profound deteriora- 
tion. Multiclinic trials indicate that the shorter the time interval between onset of signs and symptoms 
and initiation of therapy with volume correction and INTROPIN, the better the prognosis. 


Poor Perfusion of Vital Organs — Urine flow appears to be one of the better diagnostic signs by which 
adequacy of vital organ perfusion can be monitored. Nevertheless, the physician should also observe 
the patient for signs of reversal of confusion or comatose condition. Loss of pallor, increase in toe 
temperature, and/or adequacy of nail bed capillary filling may also be used as indices of adequate 
dosage. Clinical studies have shown that when INTROPIN is administered before urine flow has di- 
minished to levels approximately 0.3 ml./minute, prognosis is more favorable. Nevertheless, in a num- 
ber of oliguric or anuric patients, administration o* INTROPIN has resulted in an increase in urine flow 
which in some cases reached normal levels. INTROPIN may also increase urine flow in patients whose 
output is within normal limits and thus may be of value in reducing the degree of pre-existing fluid 
accumulation. It should be noted that at doses above those optimal for the individua! patient, urine 
flow may decrease, necessitating reduction of dosage. Concurrent administration of INTROPIN and 
diuretic agents may produce an additive or potentiating effect. 


Low Cardiac Output — Increased cardiac output is related to INTROPIN's direct inotropic effect on the 
myocardium. Increased cardiac output at low or moderate doses appears to be related to a favorable 
prognosis. Increase in cardiac output has been associated with either static or decreased systemic 
vascular resistance (SVR). Static or decreased SVR associated with low or moderate increments in 
cardiac output is believed to be a reflection of differential effects on specific vascular beds with increased 
resistance in peripheral beds (e.g. femoral) and concomitant decreases in mésenteric and renal vas- 
cular beds. Redistribution of blood flow parallels these changes so that an increase in cardiac output 
is accompanied by an increase in mesenteric and renal blood flow. In many instances the renal fraction 
of the total cardiac output has been found to increase. Increase in cardiac output produced by INTROPIN 
is not associated with substantial decreases in systemic vascular resistance as may occur with isopro- 
terenol. 


Hypotension — Hypotension due to inadequate cardiac output can be managed by administration of low 
to moderate doses of INTROPIN, which have little effect on SVR. At high therapeutic doses, INTROPIN's 
alpha adrenergic activity becomes more prominent and thus may correct hypotension due to dimin- 
ished SVR. As in the case of other circulatory decompensation states, prognosis is better in patients 
whose blood pressure and urine flow have not undergone profound deterioration. Therefore, it is Sug- 
gested that the physician administer INTROPIN as soon as a definite trend toward decreased systolic 
and diastolic pressure becomes evident. 


CONTRAINDICATIONS: INTROPIN should not be used in patients with pheochromocytoma. 
WARNINGS: INTROPIN should not be administered in the presence of uncorrected tachyarrhythmias 
orgentricular fibrillation. 

Do NOT add INTROPIN to any alkaline diluent solution, since the drug is inactivated in alkaline 
solution. 

Patients who have been treated with monamine oxidase (MAO) inhibitors prior to the administration 
of INTROPIN will require substantially reduced dosage. Dopamine is metabolized by MAO, and inhibi- 
tion of this enzyme prolongs and potentiates the effect of INTROPIN. The starting dose in such patients 
should be reduced to at least one-tenth (1/10) of the usual dose. 


Usage in Pregnancy — Animal studies have revealed no evidence of teratogenic effects from INTROPIN. 
In one study, administration of INTROPIN to pregnant rats resulted in a decreased survival rate of the 
newborn and a potential for cataract formation in the survivors. The drug may be used in pregnant 
women when, in the judgment of the physician, the expected benefits outweigh the potential risk to 
the fetus. 


Usage in Children — The safety and efficacy of this drug in children has not been established. INTROPIN 
has been used in a limited number of pediatric patients, but such use has been inadequate to fully define 
proper dosage and limitations for use. Further studies are in progress. 

PRECAUTIONS: Avoid Hypovolemia — Prior to treatment with INTROPIN, hypovolemia should be fully 
corrected, if possible, with either whole blood or plasma as indicated. 

Decreased Pulse Pressure — If a disproportionate rise in the diastolic pressure (i.e. a marked decrease 
in the pulse pressure) is observed in patients receiving INTROPIN, the infusion rate should be de- 
creased and the patient observed carefully for further evidence of predominant vasoconstrictor activity, 
unless such an effect is desired. 
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Extravasation — INTROPIN should be infused into a large vein whenever possible to prevent the pos- 
sibility of extravasation into tissue adjacent to the infusion site. Extravasation may cause necrosis and 
sioughing af surrounding tissue. Large veins of the antecubital fossa are preferred to veins in the dor- 
sum of the haad or ankle. Less suitable infusion sites should be used only if the patient's condition 
requires immediate attention. The physician should switch to more suitable sites as rapidly as possible. 
Tneinfusion site should be continuously monitored for free flow. 


Occiusive Vascular Disease — Patients with a history of occlusive vascular disease (for example, 
atherosclerosis. arterial embolism, Raynaud's disease, cold injury, diabetic endarteritis, and Buerger's 
disease) should be closely monitored for any changes in color or temperature of the skin in the extrem- 
ities. If a change in skin color or temperature occurs and is thought to be the result of compromised 
circulation to the extremities, the benefits of continued INTROPIN infusion should be weighed against 
the risk of possible necrosis. This condition may be reversed by either decreasing or discontinuing 
the rate of infusion. 







IMPORTANT — Antidote for Peripheral Ischemia: To prevent sloughing and necrosis in ischemic 
areas, the area should be infiltrated as soon as possible with 10 to 15 ml. of Saline solution 
containing trom 5 to 10 mg. of Regitine® (brand of phentolamine), an adrenergic blocking 
agent. A syringe with a fine hypodermic needle should be used, and the solution liberally 
infiltrated throughout the ischemic area. Sympathetic blockade with phentolamine causes 
immediate and conspicuous local hyperemic changes if the area is infiltrated within 12 hours. 
Therefore, phentolamine should be given as soon as possible after the extravasation is noted. 
micantes 5 a etant ee dic tti ail ihe 5 ati 








Avoid Cyclopropane or Halogenated Hydrocarbon Anesthetics — Cyclopropane or halogenated hydro- 
carbon anesthetics increase cardiac autonomic irritability and therefore may sensitize the myocardium 
to the action of certain intravenously administered catecholamines. This interaction appears to be re- 
lated both to pressor activity and to beta adrenergic stimulating properties of these catecholamines. 
Therefore, as with certain other catecholamines, and because of the theoretical arrhythmogenic 
potential, INTROPIN should be used with EXTREME CAUTION in patients inhaling cyclopropane or 
halogenated hydrocarbon anesthetics. 

Careful Monitoring Required — Close monitoring of the following indices—urine flow, cardiac output 
and blood pressure — during INTROPIN infusion is necessary as in the case of any adrenergic agent. 
ADVERSE REACTIONS: The most frequent adverse reactions observed in clinical evaluation of INTROPIN 
included ectopic beats, nausea, vomiting. tachycardia, anginal pain, palpitation, dyspnea, headache, 
hypotension, anc vasoconstriction. Other adverse reactions which have been reported infrequently 
were aberrant conduction, bradycardia, piloerection, widened QRS complex, azotemia, and elevated 
blocd pressure. 

DOSAGE AND ADMINISTRATION: 

WARNING: This is a potent drug: It must be diluted before administration to patient. 

Suggested Dilution — Transfer contents of one ampul (5 ml. containing 200 mg. INTROPIN) by aseptic 
technique to either a 250 ml. or 500 ml. bottle of one of the following sterile intravenous solutions: 

1) Sodium Chloride-Injection, USP 5) Dextrose (5%) in Lactated Ringer's 


2) Dextrose 5% Injection, USP Solution 
3) Dextrose (5%) and Sodium Chloride 6) Sodium Lactate (1/6 Molar) 
(0.9%) Injectior , USP Injection, USP 


4) 5% Dextrosein D 45% Sodium 


7) Lactated Ringer s Injection, USP 
Chloride Solution 


These Gilutions wil: yield a final concentration for administration as follows: 
250 ml. dilution contains 800 mcg./ml. of INTROPIN 
500 mi. dilutiomcoatains 400 mcg./ml. of INTROPIN 

INTROPIN has been found to be stable for a minimum of 24 hours after dilution in the sterile intra- 
vencus Solutions listed above. However, as with all intravenous admixtures, dilution should be made 
just prior to administration. 

Do NOT add INTHOPIN Injection to 5% Sodium Bicarbonate or other alkaline intravenous solutions, 
since the drug is inactivated in alkaline solution. 


Rate of Administration — INTROPIN, after dilution, is administered intravenously through a suitable 
intravenous catheter or needle. An i.v. drip chamber or other suitable metering device is essential for 
controlling the rate ef flow in drops/minute. Each patient must be individually titrated to the desired 
hemodynamic and/or renal response with INTROPIN. In titrating to the desired increase in systolic 
blooc pressure, the optimum dosage rate for renal response may be exceeded, thus necessitating a 
reduction in rate after the hemodynamic condition is stabilized.. 

Administration at rates greater than 50 mcg./kg./min. have safely been used in advanced circulatory 
decompensation states. If unnecessary fluid expansion is of concern, adjustment of drug concentration 
may be preferred over increasing the flow rate of a less concentrated dilution. 


Suggested Regimen: 

1. Whenappropriate. increase blood volume with whole blood or plasma until central venous pressure 
is 10 to 15 cm H,0 orpulmonary wedge pressure is 14-18 mm Hg. 

2. Begin administration of diluted solution at doses of 2-5 mcg./kg./minute INTROPIN in patients 
who are likely to respond to modest increments of heart force and renal perfusion. 

In more seriously ill patients, begin administration of diluted solution at doses of 5 mcg. /kg./minute 
INTRCPIN and increase gradually using 5 to 10 mcg./kg./minute increments up to 20 to 50 mcg./kg./ 
minute as needed. If doses of INTROPIN in excess of 50 mcg./kg./minute are required, it is suggested 
that urine output be checked frequently. Should urine flow begin to decrease in the absence of hypo- 
tension. reduction ot INTROPIN dosage should be considered. Multiclinic trials have shown that more 
than 50% of the patients were satisfactorily maintained on doses of INT ROPIN less than 20 mcg./kg./ 
minute. In patients who do not respond to these doses with adequate arterial pressures or urine flow, 
additianal increments of INTROPIN may be employed in an effort to produce an appropriate arterial 
pressure and central perfusion. — 

3. Treatment of all patients requires constant evaluation of therapy in terms of the blood volume, aug- 
mentation of myocardial contractility, and distribution of peripheral perfusion. Dosage of INTROPIN 
should be adjusted according to the patient's response, with particular attention to diminution of estab- 
lished urine flow rate. increasing tachycardia or development of new dysrhythmias as indices for de- 
creasing or temporarily suspending the dosage. 

4. As with all potent intravenously administered drugs, care should be taken to control the rate of 
administration so as to avoid inadvertent administration of a bolus of drug. 

OVERDOSAGE: In case of accidental Overdosage, as evidenced by excessive blood pressure elevation. 
reduce rate of administration or temporarily discontinue INTROPIN until patient's condition stabilizes. 
Since INTROPIN's duration of action is quite short, no additional remedial measures are usually neces- 
sary. If these measures fail to stabilize the patient's condition, use of the short-acting alpha adrenergic 
blocking agent, phentolamine, should be considered. 


HOW SUPPLIED: Sm! ampuls containing 40 mg. dopamine HCI per milliliter. September, 1975 
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Rate Programmability Gives You A 

CORONARY Tool For Managing Conditions 
HEART In Which A Change Of Pacemaker Rate 
ANGINA Would Benefit The Patient. 


MC 770617 
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THERE ARE AT LEAST 

FIVE APPLICATIONS IN WHICH 
HAVING THE FLEXIBILITY 

OF CHANGING PACED RATE 
CAN PROVIDE MORE 
VERSATILITY IN PATIENT 
MANAGEMENT. 


These applications are: 

4. Sick Sinus Syndrome 
(brady-tachycardia). 

2. Coronary heart disease with 
angina pectoris. 


3. Valvular heart disease. 


4. To overdrive ventricular 
amhythmias. 


5. lo improve hemodynamics. 


In each of these, having the ability to 
change the pacing rate can preserve, 
maintain or improve the quality of life 
for pacemaker patients. Furthermore, 
because of the potential longevity of 
lithium pacemakers, the physician can 
take advantage of the greater flexibility 
provided by rate programmability to 
respond to the patients changing 
medical condition during the pulse 
generator service life. 























CORONARY 
HEART 
DISEASE 
WITH ANGINA 


USING RATE PROGRAMMABLE 
PACEMAKERS IN CORONARY 
HEART DISEASE WITH 

ANGINA PECTORIS 


Not infrequently, the patient in whom 
pacing is indicated presents with 
coronary artery disease and angina 
pectoris. 


Angina may be occuring as a 
consequence of hear rate exceeding 
the ability of the coronary artery network 
to provide adequate circulation to 
myocardial tissue. Since neart tissues 
receive nutrients during diastole, it is felt 
that a slower heart rate and a 
corresponding longer diastolic period 
may provide enhanced opportunity for 
energy and oxygen transfer to 
myocardial tissue. 


In any event, a rate programmable 
pacemaker permits evaluation for 
clinical symptoms at various rates and 
- can permit selection of a pacing 
rate which is not likely to 
provoke angina, while 
providing the patient 
with adequate 
exertional status. 





SICK SINUS 
SYNDROME 


(brody -tochycordio) 


THE APPLICATION OF RATE 
PROGRAMMING IN i 
BRADY-TACHYCARDIA (SICK 
SINUS SYNDROME). 


After the physician has determined 

that artificial heart pacemaking is the 
treatment of choice for the patient 

with brady-tachycardia, he may 
contemplate application of a 
rate-programmable pacemaker to treat 
this disease. 


Because brady-tachycardia may be a 
progressive disease, it is often 
appropriate to implant a 
rate-programmable pacemaker. 


For example, in the early stages of the 
disorder, the patient may require pacing 
for just a few seconds a month when 
the intrinsic rate drops below a rate 
which the physician has determined 
provides adequate cardiac output. In 
such a situation, the pacemaker is set 
at a low rate (i.e., 50 or 60 ppm) to 
provide an underlying safe rhythm, but 
which allows the patient the benefit of 
his normal atrial ventricular contraction 
sequence. 


Sick sinus syndrome at times is a 
progressive disorder which may result in 
a slowing of the patients normal sinus 
rhythm. This slowing may be gradual or 
sudden. Frequently, it is accompanied 
by atendencytowards amore unreliable 
rhythm. The patient, thus, increases his 
or her reliance on the pacemaker for 
adequate heart rate. 


Rate programming at increasingly 
higher rates may help maintain cardiac 
output at adequate levels when the 
pacemaker is needed to provide 
the dominant rhythm. An increase 
in pacemaker rate may also be 
needed to prevent the 
emergence of a less suitable 
tachyamhythmia. 


VALVULAR 
HEART 
DISEASE 


THE APPLICATION OF RATE 
PROGRAMMABLE PULSE 
GENERATORS IN VALVULAR 
HEART DISEASE 


The clinical course for pacemaker 
patients with valvular heart disease is 
complex and unpredictable. 


Many of these patients require a 
pacemaker prior to operation for their 
valve lesion. 


The patient with aortic stenosis may 
need to have his rate adjusted to a slow 
level to allow for complete emptying 

of the ventricle. Too fast a rate increases 
ventricular pressure and restricts the 
flow of blood from the coronary arteries 
to the endocardium, resulting in 
subendocardial ischemia. There is some 
evidence that pacing at typical fixed 
pacemaker rates may actually cause 
patients with aortic stenosis to lose 
cardiac output and have decreased 
perfusion pressure. 


On the other hand, the patient with 
aortic insufficiency has regurgitation 
backwards into the ventricle. A slow rate 
allows more blood to flow backwards, 
increasing volume and ventricular 
pressure. This also restricts blood flow 
from the coronary arteries to the 

 endocardium, again resulting in 
subendocardial ischemia. A faster 
paced rate may help control the 
condition. Of course, the best rate for 
perfusing the endocardium for either 
condition varies considerably between 
patients. 


Rate requirements will probably change 
a grect deal when a prosthetic valve 
replacement is made. 


"Ivpically, any patient with valvular heart 
disease who requires a pacemaker 
could benefit from the flexibility a 
rate-programmable pacemaker offers 
in this complex, unpredictable disorder. 


IMPROVE 
HEMO- 
DYNAMICS 





CHANGING RATE TO 
ENHANCE THE METABOLIC 
STATE THROUGH IMPROVED 
HEMODYNAMICS 


Conditions of disease, or certain 
medical treatments, can affect a 
patients metabolic requirements. 
Pacemaker patients are, because of 
their age and underlying heart disease, 
prone to various medical problems, 
including myocardial infarction, angina 
and congestive heart failure. 


By having the ability to alter the 
diseased or ill patents heart rate, the 
physician can optimize tne rate for 
maximum cardiac output and organ 
perfusion without affecting (or with minor 
effects) on myocardial oxygen uptake. 
Also, in some MI patients a rate can be 
found which produces increased 
cardiac output with decreased left 
ventricular filling pressure. Rate changes 
may also affect and improve a 

patients mental state and entfance the 
ability to perform even mild exercise. 
When a pacemaker is implanted, the 
patient is ill (i.e. bed-ridden). An 
adequate rate under those conditions 
may not be adequate when the patient 
is up and about. 


OVERDRIVE 
VENTRICULAR 


USE OF RATE PROGRAMMABLE 
PACEMAKERS TO CONTROL 
VENTRICULAR ARRHYTHMIAS 


Ectopic ventricular activity can be 
suppressed by permanent pacing. 
However, the slowest paced rate at 
which ventricular arrhythmias will be 
controlled is unpredictable, and 
changeable. It is not unusual for the rate 
at which PVC’s occur to change as the 
patients underlying heart disease 
progresses. 


Pacing in the presence of PVC's often 
involves considerable adjusting of rate 
as the physician determines the paced 
rate which will be just slightly higher than 
the rate at which the ectopic foci 
discharge. This rate may involve a 
compromise, for an optimal rate for 
achieving maximal cardiac output may 
not coincide with the best rate for 
suppressing ectopic activity. Indeed 
some pacemaker rates tend to excite 
reentry pathways causing the 
extra-systole. 


For these reasons, having the opportunity 
to change rate can assist the physician 
in amhythmia control. 


Fo Medtronic 


Helping You 


Halm Tho Pacamnatlar Patiant 


MEDTRONIC'S XYREL -VP 
PACING SYSTEM 


Offering you simplicity, ease ofoperation, 
and seven pacing rates plus one . 
diagnostic rate for patient safety. 


the Xyrel*- VP. Ifs as easy to program as 
42.9. 


1. Set the desired pacing rate. 


2. Position the programmer over the 
pacemaker. 


3: Press and release the program 
activate button’ 


Constant Energy—A programmed pulse 
width increase as battery voltage 
declines provides for constant 
pacemaker energy output throughout 
its effective service life. 


Constant Rate— Xyrel*- VP pacemaker 
rate stays at the rate at which you 
programmed it. It wont decrease as 
battery voltage slowly drops. However, 
once voltage declines to the point at 


MEDTRONIC HAS COMPILED 
MORE COMPLETE 
INFORMATION ON THE 
APPLICATIONS 

OF RATE 
PROGRAMMABILITY 
TO PACEMAKER 
PATIENTS 


If you would like a copy of 
Medtronic’s information guide 
on the applications of rate 
programmability where 
permanent ventricular 
pacing is indicated, 
please send 
in the 
coupon 
below. 


Mail To: Medtronic, Inc., 3055 Old Highway Eight, P.O. Box 1453 


Minneapolis, MN 55440 USA 


LJ | would like more information on the applications of rate programmability. 
C] | would like more information on the Medtronic Xyrel^- VP programmable 


pacing system. 
[] Please have a representative call. 


Name Specialty 
Address 
City State Zip 


which the pacemaker should be 
replaced, an easily detected rate 
decrease occurs over one to six months 
(typically). There are many other 
performance and safety features that 
are par of every Xyrel -VP pulse 
generator. 


"To avoid inadvertent programming 
to the 30 ppm rate, ar. additional step 
is necessary when this rate is desired. 


Send in the coupon for details. Or see 
your local Medtronic representative. 






MEDTAONIC® $600A 
RATE CONTROL EER 


MEDTRONIC IMPLANTABLE PULSE GENERATORS 


INTENDED USES Ventricular pacing using an*implantable 
ventricular pulse generator is for long-term therapeutic control 
of head rate in patients with impulse formation or conduction 
disorders leading to bradyarrhythmias, tachyamhythmias and 
heart 5lock (see product labeling for detailed list of 
intlenced uses) 

CONTRAINDICATIONS There are no known contra- 
indicctions to the use of pacing as a therapeutic modality for 
the cantrol of hear rate. The patients age and medical 
condition, however, may dictate the particular pacing systems 
and implantation procedure used by the physician 

WARNINGS . Diathermy should not be used on patients with 
pacemakers because of possible heat damage to electronic 
components. Electrosurgical units should never be used 
in the vicinity of unipolar pulse generators or bipolar pulse 
generctors implanted in the unipolar mode because of 
danger of introducing fibrillatory currents into the hear via the 
implanted pulse generator/lead. Pulse generators may 
be damaged by defibrillotory discharges if the paddles are 
placed over the implanted pulse generator 

PRECAUTIONS The physician should be aware that all 
pulse generators will ultimately cease to function, and may fail 
at any trne-due to random component or battery failures 
which cannot be predicted prior to failure. Also, that the pacing 
system may cease to function at any time due to lead- 
related problems such as displacement, fracture, fibrotic tissue 
formation. and elevated thresholds, and that proper operation 
may be affected by electrical interference from equipment 
using electrical energy, or medica! complications 

SIDE EFFECTS Body rejection phenomena, including local 
tissue reaction, muscle and nerve stimulation, infection, erosion 
of pulse generator/lead through skin, transvenous lead- 
related thrombosis, embolism and cardiac tamponade 
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for a broad range of active patients 


ALDORIL® containing ALDOMET® 
(Methyldopa, MSD) and HydroDIURIL’ 
(Hydrochlorothiazide, MSD)—two highly 


effective complementary agents—offers: 


b.i.d. convenience 
for many patients 


b.i.d. doses can be used for many patients. 


more economical therapy 
ALDORIL may offer more economical therapy 
than individual prescriptions for both 
HydroDIURIL and ALDOMET. 


daily activities usually 
not affected 


Exercise hypotension and diurnal blood pres- 
sure variations rarely occur. There is less 
frequent symptomatic postural hypotension 
than with many other antihypertensive agents. 


no overshoot 

Since both components of ALDORIL have a 
relatively short duration of action, withdrawal 
is followed by a return of hypertension usually 
within 48 hours. This is not complicated by an 
overshoot of blood pressure. 
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favorable cardiac 
profile 


Neither component of ALDORIL usually has any 
direct effect on cardiac function in long-term 
therapy —cardiac output is usually maintained. 


ALDORIL is contraindicated in active hepatic 
disease; anuria; hypersensitivity to methyldopa 
or to hydrochlorothiazide or other sulfonamide- 
derived drugs; if previous methyldopa therapy 
has been associated with liver disorders. 


In patients with renal disease, thiazides may 
precipitate azotemia. Use with caution in 
patients with severe renal disease or impaired 
hepatic function. 


It is important to recognize that a positive 
Coombs test, hemolytic anemia, and liver dis- 
orders may occur with methyldopa therapy. 
The rare occurrences of hemolytic anemia or 
liver disorders could lead to potentially fatal 
complications unless properly recognized and 
managed. For more details, see the brief sum- 
mary of prescribing information. 


Jeu 





containing 500 mg ALDOMET® (Methyldopa, MSD) 
and 50 mg HydroDIURIL® (Hydrochlorothiazide, MSD) 


ALDORIE -25 containing 250 mg ALDOMET® (Methyldopa, MSD) and 25 mg HydroDIURIL* (Hydrochlorothiazide, MSD) 


TABLET 


ALDORIL' -15 containing 250 mg ALDOMET * (Methyldopa, MSD) and 15 mg HydroDIURIL® (Hydrochlorothiazide, MSD) 


£As a fixed combination, ALDORIL is not indicated for initial therapy since hypertension requires therapy titrated to 
the individual patient's needs. If an available strength of ALDORIL meets the patient's titrated needs, the combination 


MSD 


drug may be more convenient in patient management. Therapy should be reevaluated as necessary. 


For a brief summary of prescribing information, please see following page. SHAB 


Antinypertensive TABLETS Antihypertensive TABLETS 

eg? ALDORIL* D50 e" ALDORIL* 
methyldópa 500 mgand ~ methyldopa 500 mg and 
hydrochlorothiazide 50 mg hydrochlorothiazide 30 mg 







WARNING 
This fixed combination drug is not indicated for initial therapy of hypertension. 
Hypertension requires therapy titrated to the individual patient. If the fixed com- 
bination represents the dosage so determined, its ise may be more convenient in 
patient management. The treatment of hypertension is not static, but must be re- 
evaluated as conditions in each patient warrant. 









Contraindications: Active hepatic disease, such as acute hepatitis and active cir- 
rhosis; if previous methyldopa therapy has been associated with liver disorders (see 
Warnings); anuria; routine usein an otherwise healthy pregnant woman with or with- 
out mild edema; hypersensitivity to methyldopa or to hydrochlorothiazide or other 
sulfonamide-derived drugs. 
Warnings: METHYLDOPA — It is important to recognize that a positive Coombs 
test, hemolytic anemia, and liver disorders may occur withmethyldopa therapy. 
The rare occurrences of hemolytic anemia or liver disorders could lead to po- 
tentially fatal complications unless properly recognized and managed. Read 
this section carefully to understand these reactions. 
With prolonged methyldopa therapy, 10% to 2096 of patients develop a positive direct 
Coombs test, usually between 6 and 12 months of therapy. Lowest incidence is at 
daily dosage of 1 g orless. This on rare occasions may be associated with hemolytic 
anemia, which could lead to potentially fatal complications. One cannot predict which 
patients with a positive direct Coombs test may develop hemolytic anemia. Prior ex- 
istence or development of a positive direct Coombs test is not in itself a contraindica- 
tion to use of methyldopa. If a positive Coombs test develops during methyldopa 
therapy, determine whether hemolytic anemia exists and whether the new 
Coombs test may be a problem. For example, in addition to a positive direct Coombs 
test there is less often a positive indirect Coombs test which may interfere with cross 
matching of blood. 
At the start of methyldopa therapy, it is desirable to do a blood count (hematocrit. 
hemoglobin, or red cell count) for a baseline or to establish whether there is anemia. 
Periodic blood counts should be done during therapy to detect hemolytic anemia. It 
may be useful to do a direct Coombs test before therapy and at 6 and 12 months after 
the start of therapy. If Coombs-positive hemolytic anemia occurs, the cause may be 
methyldopa and the drug should be discontinued. Usually the anemia remits 
promptly. If not, corticosteroids may be given and other causes of anemia should be 
considered. If the hemolytic anemia is related to methyldopa, the drug should not be 
reinstituted. When methyldopa causes Coombs positivity alone or with hemolytic 
anemia, the red cell is usually coated with gamma globulin of the IgG (gamma G) class 
only. The positive Coombs test may not revert to normal until weeks to months after 
methyldopa is stopped. 
Should the need for transfusion arise in a patient receiving methyldopa, both a direct 
and an indirect Coombs test should be performed on his blood. In the absence 
of hemolytic anemia, usually only the direct Coombs test will be positive. A positive 
direct Coombs test alone will not interfere with typing or cross matching. If the 
indirect Coombs test is also positive, problems may arise in the major cross match 
and the assistance of a remato gisi or transfusion expert will be needed. 
Fever has occurred within the first three weeks of therapy, sometimes with 
eosinophilia or abnormalities in one or more liver function tests, such as serum 
alkaline phosphatase, serum transaminases (SGOT, SGPT), bilirubin, cephalin 
cholesterol flocculation, prothrombin time, and bromsulphalein retention. Jaun- 
dice, with or without fever, may occur, with onset usually within the first two to 
three months of therapy. In some patients the findings are consistent with those 
of cholestasis. Rarely fatal hepatic necrosis has been reported. These hepatic 
changes may represent hypersensitivity reactions; periodic determination of 
hepatic function should be done particularly Sung the first-6 to 12 weeks of 
therapy or whenever an unexplained fever occurs. If fever, abnormalities in liver 
function tests, or jaundice appear, stop therapy with methyldopa. If caused by 
methyldopa, the temperature and abnormalities in liver function characteristically 
have reverted to normal when the drug was discontinued. Methyldopa should not 
be reinstituted in such patients. 
Rarely, reversible reduction of white blood cell count with primary effect on 
puis has been seen. Reversible thrombocytopenia has occurred rarely. 
hen used with other antihypertensive drugs, potentiation of antihypertensive 
effect may occur. Follow patients carefully to detect side reactions or unusual 
manifestations of drug idiosyncrasy. 
HYDROCHLOROTHIAZIDE — Use with caution in severe renal disease. In patients 
with renal disease, thiazides may precipitate azotemia. Cumulative effects may 
develop in patients with impaired renal function. Use with caution in patients 
with impaired hepatic function or progressive liver disease, since minor altera- 
trons of fluid and electrolyte balance may precipitate hepatic coma. May add to or 
potentiate action of other antihypertensive drugs; potentiation occurs with 
ganglionic or peripheral adrenergic blocking drugs. Sensitivity reactions may oc- 
cur in patients with or without a history of allergy or bronchial asthma. Possibilitv 
of exacerbation or activation of systemic lupus erythematosus has been reported. 
Lithium generally should not be given with diuretics because they reduce its renal 
clearance and add a high risk of lithium toxicity; read circulars for lithium prepa- 
rations before use of such concomitant therapy. 
Pregnancy and Nursing: Use of any drug in women who are or may become preg- 
nant requires that anticipated benefits be weighed against possible risks. 
Methyldopa and thiazides cross the placental barrier and appear in cord blood. 
No unusual adverse reactions have been reported in association with the use of 
methyldopa during pregnancy. Although no obvious teratogenic effects have been 
reported, the possibility of fetal injury cannot be excluded. 
The hazards of thiazides crossing the placental barrier include fetal or neonatal 
jaundice, thrombocytopenia, and possibly other adverse reactions which have oc- 
- Xurred in adults. Methyldopa and thiazides appear in breast milk. Patients taking 
'ALDORIL should not nurse. 
Precautions: METHYLDOPA — Should be used with caution in 
history of* previous liver disease or dysfunction (see Warnings). 
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Antihypertensive TABLETS 
ALDORIL*-25 ALDORIL*-15 

methyldopa 250 mg and methyldopa 250 mg and 
hydrochlorothiazide 25 mg — hydrochlorothiazide 15 mg 


with measurement of urinary uric acid by the is hotungstate method, serum 
creatinine by the alkaline picrate method, and SGOT by colorimetric methods. 
Since methyldopa causes fluorescence in urine samples at the same waveJengths 
as catecholamines, falsely high levels of urinary catecholamines may be reported. 
This will interfere with the diagnosis of pheochromocytoma. It is important to 
recognize this phenomenon before a patient with a possible pheochromocytoma 
is Subjected to ote Methyldopa is not recommended for patients with 
pheochromocytoma. Urine exposed to air after voiding may darken because of 
breakdown of methyldopa or its metabolites.. Involuntary choreoathetotic move- 
ments have been observed in patients with severe bilateral cerebrovascular dis- 
ease. If such movements occur, stop the drug. Patients may require reduced 
doses of anesthetics; hypotension occurring during anesthesia usually can be 
controlled with vasopressors. Hypertension has recurred after dialysis in patients 
on methyldopa because the drug is removed by this procedure. 
HYDROCHLOROTHIAZIDE — Perform periodic determination of serum electrolytes 
to detect possible electrolyte imbalance. Observe all patients for clinical signs of 
flud or electrolyte imbalance. namely, hyponatremia, hypochloremic alkalosis, 
and hypokalemia. Serum and urine electrolyte determinations are particularly im- 
rtant when patient is vomiting excessively or receiving parenteral fluids. 
ication such as digitalis may also influence serum electrolytes. Warning 
signs, irrespective of cause, are dryness of mouth, thirst, weakness, lethargy, 
drowsiness, restlessness, muscle pains or cramps, muscular fatigue, hypoten- 
sion, oliguria, tachycardia, and gastrointestinal disturbances such as nausea and 
vomiting. Hypokalemia may develop, especially with brisk diuresis, in severe cir- 
rhasis, with concomitant corticosteroids or ACTH, or with inadequate oral 
electrolyte intake. Hypokalemia can sensitize or exaggerate response of heart to 
toxic effects of digitalis (e.g., increased ventricular irritability). Hypokalemia may 
be avoided or treated by use of potassium supplements, such as foods with a 
high potassium content. Any chloride deficit is generally mild and usually does 
not require specific treatment except under extraordinary circumstances (as in 
liver disease or renal disease). Dilutional hyponatremia may occur in edematous 
patients in hot weather; appropriate therapy is water restriction, rather than adminis- 
tration of salt except in rare instances when the hyponatremia is life threatening. In 
actual salt depletion, appropriate replacement is the therapy of choice. 
Hyperuricemia may occur or frank gout may be precipitated in certain patients. 
Insulin requirements in diabetic patients may be increased, decreased, or 
unchanged; latent diabetes mellitus may become manifest. Thiazides may in- 
crease responsiveness to tubocurarine. Antihypertensive effects of the drug may 
be enhanced in postsympathectomy patients. May decrease arterial responsive- 
ness to norepinephrine; this diminution is not sufficient to preclude effectiveness 
of the pressor agent for therapeutic use. If progressive renal impairment 
becomes evident, consider withholding or discontinuing diuretic therapy. 
Thiazides may decrease serum PBI levels without signs of thyroid disturbance. 
Calcium excretion is decreased by thiazides. Pathological changes in the 
parathyroid glands with hypercalcemia and hypophosphatemia have been ob- 
served in a few patients on prolonged therapy; thiazides should be discontinued 
before testing for parathyroid function. 
Adverse Reactions: METHYLDOPA— Centra/ nervous system: Sedation, 
headache, asthenia or weakness; dizziness, lightheadedness, symptoms of 
cerebrovascular insufficiency, paresthesias, parkinsonism, Bell's palsy, decreased 
mental acuity, involuntary choreoathetotic movements; psychic disturbances, in- 
cluding nightmares and reversible mild psychoses or depression. Cardiovascular: 
Bradycardia, Mon of angina pectoris. Orthostatic hypotension (decrease 
daily dosage). Edema (and weigh: gain) usually relieved by use of a diuretic. (Dis- 
continue heh s if edema progresses or signs of heart failure appear.) 
Gastrointestinal: Nausea, vomiting, distention, constipation, flatus, diarrhea, mild 
dryness of mouth, sore or "black" tongue, pancreatitis, sialadenitis. Hepatic: Ab- 
normal liver function tests, jaundice, liver disorders. Hematologic: Positive 
Coombs test, hemolytic anemia. Leukopenia, granulocytopenia, throm- 
bocytopenia. Positive tests for antinuclear antibody, LE cells and rheumatoid fac- 
tor. Allergic: Drug-related fever, iupus-like syndrome, myocarditis. Other: Nasal 
stuffiness, rise in BUN, breast enlargement, ap lactation, impotence, 
decreased libido, dermatologic reactions including eczema and lichenoid erup- 
tions, mild arthralgia, myalgia. 
HYDROCHLOROTHIAZIDE — Gastrointestinal system: Anorexia, gastric irritation, 
nausea, vomiting, cramping, diarrhea, constipation, jaundice (intrahepatic 
cholestatic jaundice), pancreatitis. sialadenitis. Centra/ nervous system: Dizziness, 
vertigo, paresthesias, headache, xanthopsia. Hematologic: Leukopenia, 
agranulocytosis, thrombocytopenia, aplastic anemia. Cardiovascular: Orthostatic 
hypotension (may be aggravated by alcohol, barbiturates, or narcotics). Aypersen- 
sitivity: Purpura, photosensitivity, rash, urticaria, necrotizing angiitis (vasculitis) 
(cutaneous vasculitis), fever, respiratory distress including pneumonitis, 
anaphylactic reactions. Other: Hyperglycemia, glycosuria, hyperuricemia, muscle 
spasm, weakness, restlessness, transient blurred vision. Whenever adverse reac- 
Te are moderate or severe, thiazide dosage should be reduced or therapy with- 
rawn. 
Note: Tolerance may occur, usually between the second and third month of therapy. 
Increasing dosage of either component separately or together frequently restores 
effective control. Patients with impaired renal function may respond to smaller 
doses. Syncope in older patients may be related to increased sensitivity and ad- 
vanced arteriosclerotic vascular disease; this may be avoided by lower doses. 
How Supplied: Tablets ALDORIL®-15, containing 250 mg methyldopa and 15 mg 
hydrocnlorothiazide, bottles of 100 and 1000; Tablets ALDORIL®-25, containing 
250 mg methyldopa and 25 mg hydrochlorothiazide, bottles of 100 and 1000: 
Tablets ALDORIL® D30, containing 500 mg methyldopa and 30 mg hydro- 
chlorotniazide, bottles of 100; Tablets ALDORIL® D50, containing 500 mg 
methyldopa and 50 mg hydrochlorothiazide, bottles of 100. MSD 
For mare detailed information, consult your MSD representative 
or see full prescribing information. Merck Sharp & Dohme, Divi- SHARE 
sion of Merck & Co., Inc., West Point, Pa. 19486. J7ARO8 (021) AME 


Antihypertensive TABLETS 





EE P 
| 


JR 
$ 
231 
d 
=. 
H 
AM 
* 
ha 





MIAMI BEACH site of the 


28th ANNUAL SCIENTIFIC SESSION 
AMERICAN COLLEGE OF CARDIOLOGY 
MARCH 11-15, 1979 


O Controversies in Cardiology 

O Core Curriculum 

O Reports of Original Investigation 
O Luncheon Panels 

O Meet the Experts Sessions 


[] Convocation with Noted Speaker 
Followed by Dinner Dance 


te 4 E. DERCSONE 


> 








O Mini Courses 

[] Young Investigator's Award Competition 
O Fireside Conferences 

O Tenth Annual Louis F. Bishop Lectureship 
O Self Assessment Room 


O More than 500 Technical 
and Scientific Exhibits 


-— 





> 






IV Pole 
Lowers out of way when not in use. 


Battery 

& Line Operation 
(AC only — optional) 
Assures operation 
anywhere, any time. 


Convenient 
Fold-Out Shelf 
Handy additional work space. 


"Any Direction’’ J 
Handles 

Cart can be pushed from 
any direction. 


Built-in CPR Board 
Stores vertically on cart’s side. 


Synchronizer 
Select mode with a 
pushbutton. 


Built-in Recorder 

With Monitoring 

& Diagnostic Qualities 
(without — optional) 

A delay mode allows 
documentation of observed 
abnormalities. Flick a 
switch and get real time 
diagnostic ECG's. 


5” Non-Fade 
Cardioscope 


Optional Cart 
Three drawers give 
plenty of room 
for storing supplies. 


Quik-Look; . 
Quik-Charge Paddles 
Can be used immediately to 
pick up patient's ECG for 
rapid assessment. A button 
on one paddle puts charge 
control in the hands of the 
user. Pediatric and internal 
paddles are optional. 


— 


Physio-Control, LIFEPAK. Quik-Look and Quik-Charge are registered trademarks of Physio-Contrcl Corporation 





Digital 

Heart Rate Meter 

With High & Low | EC Monitor & Defibril- 
Alarm Limits lator Modules 


(uno t — optional) Can Be Separated 
M Monitor can be used 
separately when 
defibrillator isn't needed. 


ECG Lead 
Selector With 
12 Lead Capabi 


Never before has there been a that’s specifically designed for cardiac 
cardiac care system so small that could emergencies. 
do so much. All this is backed up by the most 

The new Lifepak*6 Defibrillator/ responsive service organization in the 
Cardioscope can be used for emergen- country. 
cies, diagnostic ECG's and long-term Take a minute to compare the 
monitoring. It can even do stress tests features of this portable with any other 
if you want. system. 

It features ECG monitor and For more details about specific 
defibrillator modules that work applications of the Lifepak * 6, or 
together or independently — each any additional information about 
module has its own internal battery our complete line of equipment, 
and battery charger plus the capability contact Physio-Control Corporation, 
of line operation. Which means you 11811 Willows Road, Redmond, 
can order each separately. And only Washington 98052. Telephone: 
with the features you need. (206) 883- 1181. Cable: PHYSIO-RED. 

You can also get a beautiful cart Telex: 32-0166. 





A reminder 


LANOXIN 
(digoxin) 












fe 
0.125 mg 0.25 mg 0.5 mg 

yellow ' white ~- green 

imprinted imprinted & scored imprinted & scored 
Complete literature available on request from Professional Services Dept. PML 


Burroughs Wellcome Co. 
Research Triangle Park 
Wellcome / North Carolina 27709 


4 


‘CLINICAL STUDIES 





Submaximal Exercise Testing After Acute Myocardial Infarction: 
Myocardial Scintigraphic and Electrocardiographic Observations 


JOSE |. PULIDO, MD 

JAMES DOSS, MS 

DONALD TWIEG, PhD 

GUNNAR C. BLOMQVIST, MD, PhD, 
FACC 

DALE FAULKNER, MD 

VERNON HORN, MD 

DEBRA DeBATES, MD 

MARTIN TOBEY, MD 

ROBERT W. PARKEY, MD, FACC 

JAMES T. WILLERSON, MD, FACC* 


Dallas, Texas 


From the Departments of Internal Medicine and 
Radiology at The University of Texas Southwest- 


* ern Medical School and Parkland Memorial Hos- 


pital, Dallas, Texas 75235. This work was sup- 
ported by Ischemic Heart Disease Specialized 
Center of Research (SCOR) Grant HL-17669 and 
Grant HL-17777 from the National Institutes of 
Health, Bethesda, Maryland, the Southwest Med- 
ical Foundation, Dallas, Texas, Harry S. Moss 
Heart Fund, Dallas, Texas and the International 
Atomic Energy Agency, Vienna, Austria. Manu- 
script received December 20, 1977; revised 
manuscript received February 21, 1978, accepted 
February 21, 1978. 

* Established Investigator of the American 

«Heart Association, Dallas, Texas. 

Address for reprints: James T. Willerson, MD, 
Ischemic Heart Center, L5- 134, The University of 
Texas Health Science Center at Dallas, 5323 
Harry Hines Boulevard, Dallas, Texas 75235. 


The relation between global and regional left ventricular function and 
electrocardiographic signs of ischemia at rest and during submaximal 
supine exercise was studied in 27 patients 2 to 3 weeks after acute 
myocardial infarction. Dynamic myocardial scintigraphy was performed 
at rest and during submaximal exercise utilizing an in vivo method of la- 
beling red blood cells with technetium-99m pertechnetate. Gated radio- 
nuclide blood pool scintigrams were obtained in a modified left anterior 
oblique, and in some patients also in the right anterior oblique projection, 
to measure left ventricular ejection fraction and segmental wall motion. 
Electrocardiographic monitoring of heart rate and rhythm was provided 
during the exercise. The submaximal exercise test was terminated when 
the patient's heart rate reached 125 beats/min or if angina, malignant 
ventricular ectopy or electrocardiographic evidence of myocardial 
ischemia developed before this rate was reached. 

The data demonstrate that patients with a recent anterior myocardial 
infarct, in contrast to patients with a recent inferior or nontransmural in- 
farct, manifest a significant reduction in left ventricular ejection fraction 
with submaximal exercise. Of the eight patients with an anterior infarct, 
seven had segmental wall motion abnormalities at rest. Four of these eight 
manifested more severe abnormalities with submaximal exercise; three 
had abnormalities at rest that did not change with exercise. Four of the 
eight had a positive electrocardiographic response during exercise (two 
were taking digoxin). Of these four, only two had more marked wall motion 
abnormalities with effort. Of the 13 patients with an inferior infarct, 11 had 
apparently normal wall motion in the modified left anterior oblique pro- 
jection at rest, including 2 who manifested segmental wall motion ab- 
normalities with submaximal exercise; the 2 remaining patients had wall 
motion abnormalities at rest that, on exercise, became more marked in 
one and were unchanged in one. Four of the 13 had a positive electro- 
cardiographic response with exercise (one was taking digoxin); only ong 
of these had a detectably more severe wall motion abnormality with ex- 
ercise. Of the six patients with a nontransmural infarct, four had no 
identifiable wall motion abnormalities at rest; in one of these, an abnor- 
mality developed with exercise. The remaining two patients had wall 
motion abnormalities at rest; in one, a positive electrocardiographic 
ischemic response developed with exercise. 

Patients with an anterior infarct appear to have a different functional 
ventricular response to submaximal exercise at the time of hospital dis- 
charge than patients with an inferior or nontransmural infarct. To identify 
ischemic responses with submaximal exercise in these patients one. 


should ideally use both electrocardiographic monitoring and dynamic . © 


myocardial scintigraphy. . . 
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EXERCISE POMPES IN ACUTE MYOCARDIAL INFARCTION—PULIDO ET AL. 


Traditionally, the electrocardiogram has been utilized 
to monitor patients performing treadmill or bicycle 
exercise to assess the presence of physiologically im- 
portant coronary artery disease.'? This approach has 
certain limitations, including the potential development 
of false positive or false negative responses? and the 
uncertain significance of ST-T wave changes in patients 
with an intraventricular conduction defect or ventric- 
ular hypertrophy and in those taking digitalis or other 





FIGURE 1. Normal blood pool scintigrams at end-diastole (E.D.) and 
end-systole (E.S.) obtained at rest (R) and during exercise (E) in a 
modified left anterior oblique projection with 15? caudal angulation 
(MLAO). Note the marker used to determine the extent of patient motion 
during exercise. 


R 

MLAO 
MAGNIFIED 
E 

MLAO 
MAGNIFIED 


cardiac medications.'? Recently Green, Borer and their. 
co-workers®® described exercise testing in patients 
utilizing myocardial scintigraphy to document seg- 
mental wall motion abnormalities that might develop 
as a consequence of regional ischemia and also to mea- 
sure ventricular ejection fraction during exercise stress. 
In this study we evaluated the relation between global 
and regional left ventricular function and electrocar- 
diographic signs of ischemia at rest and during supine 
submaximal exercise in patients immediately before 
hospital discharge after myocardial infarction. Our in- 
tent was to establish the advantages and disadvantages 
of both myocardial scintigraphy and electrocardio- 
graphic monitoring in assessing the development of 
signs of ischemia in such patients. 


Materials and Methods 


Patients: Twenty-seven patients, 19 men and 8 women with 
a mean age of 59 years (range 49 to 89), were studied after they 
gave informed consent. Eight patients had an acute anterior 
transmural myocardial infarct, 13 an acute inferior transmural 
myocardial infarct and 6 &n acute subendocardial myocardial 
infarct. The diagnosis of myocardial infarction was based on 
electrocardiographic, enzymatic (creatine kinase [CK] and 
CK-B isoenzyme)’ and technetium-99m stannous pyro- 
phosphate myocardial scintigraphic data? documenting the 
presence of recent myocardial infarction. The patients exer- 
cised submaximally on days 13 to 37 (mean 17 days) after their 
myocardial infarct and immediately before discharge from the 
hospital. It has been our practice to obtain submaximal ex- 
ercise tests in patients with myocardial infarction immediately 
before hospital discharge in order to be certain that modest 
effort does not produce life-threatening ventricular ectopy 
or electrocardiographic evidence of severe myocardial isch- 
emia.? Nine of these patients, who had no subsequent signs 
or symptoms of new myocardial damage, returned electively 





FIGURE 2. Case 8 (Table III). Left, gated scintigrams of a patient with anterolateral transmural myocardial infarction showing apical akinesia at rest 
. and somewhat more prominent apical dyskinesia with submaximal exercise. Right, positive electrocardiocraphic response in orthogonal lead Y 


‘obtained during submaximal exercise. Abbreviations as in Figure 1. 
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EXERCISE SCINTIGRAPHY IN ACUTE MYOCARDIAL INFARCTION— PULIDO ET AL. 


. for repeat exercise testing 6 weeks after the initial examina- 
tion. These nine patients had undergone gradual rehabilita- 
tion and resumption of normal activity at an individually 
determined rate after their return home. 

Exercise testing: The patients underwent submaximal 
exercise testing in the supine position with continuous elec- 
trocardiographic monitoring of heart rhythm and rate and 
periodic measurements of blood pressure. The exercise test 
was terminated after a heart rate of 125 beats/min was at- 
tained or if angina, malignant ventricular ectopy or electro- 
cardiographic evidence of myocardial ischemia developed 
before this rate was reached. The test protocol consisted of 
bicycle (Elema Schonander Type AM 368) exercise over an 
increasing range of work load values (50, 150, 300, 350 and 400 
kilopond-meters/min); approximately 5 to 7 minutes was 
spent at each work load. In patients able to exercise at the 
highest work load for only 1 to 2 minutes before the develop- 
ment of angina, marked fatigue, malignant ventricular ectopy 
or electrocardiographic manifestations of ischemia, the pre- 
vious work load and myocardial scintigraphic images and 
electrocardiographic responses were utilized for experimental 
comparisons. 

Myocardial scintigraphic imaging: Radionuclide blood 
pool scintigrams were obtained with a modification of an in 
vivo red blood cell labeling technique we!? recently described. 
In brief, 5 mg of stannous pyrophosphate was injected intra- 
venously. Approximately 25 to 30 minutes later, 15 mCi of 
technetium-99m pertechnetate was injected intravenously. 
Twenty minutes later myocardial imaging was begun to obtain 
electrocardiographic gated radionuclide blood pool scinti- 
grams in a left anterior oblique projection with 15? caudal 
angulation at rest (a few patients also had images obtained at 
rest in the right anterior oblique projection) and then during 
supine bicycle exercise. Electrocardiographic gated images 
were acquired at end-diastole (0.05 second before the R wave) 
and end-systole (0.05 second after subsidence of the T wave). 
A marker was placed on each patient's chest wall to serve as 
a reference point so that any excessive movement of the chest 
wall during exercise could be identified. Radionuclide blood 








* FIGURE 3. Case 9 (Table III). Gated scintigrams of a patient with post- 
eroinferior myocardial infarction indicating normal left ventricular wall 
motion at rest (R) and apical akinesia with submaximal exercise (E). 
Abbreviations as in Figure 1. 


pool scintigrams were obtained with a portable General 
Electric gamma camera and processed on a General Electric 
Med II computer (Fig..1). A minimum of 300,000 counts was 
collected for each systolic and diastolic frame obtained at rest. 
During exercise, for the majority of patients, it was possible 
to collect only approximately 200,000 counts per frame. 
However, in every instance only those scintigraphic images 
that had clearly defined left ventricular boundaries in both 
the resting and exercise studies were utilized for ventricular 
wall motion and ejection fraction measurements (Fig. 1 to 
3). 

Ventricular wall motion and outline analysis: Images 
were acquired as 64 by 64 digital matrixes. Before ventricular 
outlines were identified for wall motion analysis, the images 
were contrast-enhanced by subtraction of a constant level of 
background activity, digitally filtered to smooth noise varia- 
tions, and then expanded. For wall motion analysis, the images 
were expanded linearly by a factor of 2 (a 32 by 32 element 
array including the left ventricle was chosen and expanded 
to a full 64 by 64 element interpolated array). The images were 
not expanded for volume and ejection fraction determina- 
tions. 

Ventricular outlines were designated manually by one 
observer (J.P.). A similar manual outlining method was used 
in area-length volume determinations by Strauss and col- 
leagues,!! although their images were not in the form of digi- 
tized matrixes. Ventricular outlines determined from a dis- 
crete array are inevitably somewhat inaccurate as estimates 
of continuous outlines. On the other hand, the computer 
processing made possible by image digitization can help 
identify the ventricular boundary when its position is some- 
what uncertain. 


TABLE | 


Preliminary Study: Comparison of Left Ventricular Ejection 
Fraction and Segmental Wall Motion Data Obtained With 
Scintigraphic and Angiographic Techniques in 17 Patients 


Left Ventricular 
Ejection Fraction 


À (%) Left Ventricular 
Case  Angio-  Scinti- Wall Motion 
no. graphic graphic Angiographic Scintigraphic 
1 51 51 Normal Normal 
2 47 39 = Anterior akinesia Anteroapical 
akinesia 
3 72 75 . Normal Normal 
4 68 73 Normal Normal 
5 55 49  Anteroapical Anteroapical 
dyskinesia dyskinesia 
6 45 45  Posteroinferior Normal 
akinesia 
7 43 49 ' Posteroinferior Apical 
hypokinesia akinesia -* 
8 44 56 — Anteroapical Anterior 
dyskinesia dyskinesia 
9 34 32 = Apical dyskinesia Anteroapical 
dyskinesia 
10 59 53 Posteroinferior Lateral 
akinesia akinesia 
11 84 74 Normal Normal 
12 55 66 Normal Normal 
13 75 69 Normal Normal 
14 78 75 | Normal Normal 
15 56 59 Normal Septal 
hypokinesia 
16 58 68  Anteroapical Anteroapical 
hypokinesia ` dyskinesia 
17 48 46 Diffuse Diffuse el} 
hypokinesia hypokinesia - 
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FIGURE 4. Selected examples of the comparison of left ventricular 
boundaries determined angiographically (left) and scintigraphically 
(right) in three patients. 


A portion of the right ventricle sometimes overlies the in- 
ferior margin of the left ventricle in the right anterior oblique 
view. Even when this occurred, the left ventricular inferior 
boundary was often easily identifiable; when it was not easily 
identifiable, we believe that the resulting error was small, in 
view of the close correlation found between the ejection 
fractions obtained with scintigraphy and contrast angiogra- 
phy. 

Reliability of the technique: The reliability of the method 
is demonstrated by the close correlation of left ventricular 
ejection fraction measurements obtained with scintigraphy 
and contrast ventriculography and by its intraobserver re- 
peatibility. 

Correlation with contrast angiographic measurements: In 
17 additional patients undergoing cardiac catheterization for 
various reasons, including suspected coronary artery disease, 
preliminary studies were conducted to verify that our scin- 
tigraphic measurements of left ventricular ejection fraction 
and segmental wall motion correlated with the same infor- 
mation obtained angiographically (Table I) (Fig. 4). These 
patients were studied before and 1 to 25 days (mean 7.4 days) 
after cardiac catheterization. None of them demonstrated any 
important clinical change in the interval between proce- 
dures. 

Comparison of scintigraphic and angiographic wall motion 
was performed as follows: After the images were processed 
and magnified as described previously, the boundaries of the 
left ventricle were traced manually on the screen during both 
end-diastole and end-systole. A Polaroid® picture was then 
taken of the superimposed outlines. Angiographic ventricular 
outlines were traced from prejected 35 mm films. The left 
ventricular ejection fraction was measured with the single 
plane area-length method, both scintigraphically and angio- 
graphically. We found significant correlation between left 

„ventricular ejection fraction determined scintigraphically and 
-angiographically in these patients (Table I) (Fig. 5). 
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FIGURE 5. Correlation between angiographic and gated blood pool 
scintigraphic measurements of left ventricular (L.V.) ejection fraction 
in 17 patients. n = number of patients; r = correlation coefficient. 


Repeatability: Estimates of volume measurement error 
were performed in the following way: Two observers per- 
formed five to six separate measurements of end-diastolic and 
end-systolic volumes in five (Observer 1) and eight (Observer 
2) gated blood pool studies. Because at least three measure- 
ments are usually averaged in estimating ejection fraction, the 
agreement between successive groups of three measurements 
by the same observer was analyzed. In the eight studies ana- 
lyzed with six separate measurements, there was no statisti- 
cally significant difference (P >0.05 by t test) between the 
means of successive groups of three ejection fraction mea- 
surements. Mean intraobserver variation was 3 + 2.8 percent 
(standard deviation) with a range of 0 to 9 percent. 

Electrocardiographie measurements: In the first 19 
patients (70 percent), the electrocardiographic recordings were 
obtained utilizing a system of seven leads during exercise (I, 
Ii, III, aVR, aVL, aVF and V), all seven leads being recorded 
at the peak of exercise. Subsequently, five patients (19 per- 
cent) were studied with 12 electrocardiographic leads (limb 
and precordial leads) recorded at the peak level of exercise. 
The last three patients studied (11 percent) were evaluated 
utilizing an orthogonal system (X, Y and Z leads) with elec- 
trocardiographic recording for later computer analysis. The 
electrocardiographic response was considered positive if S- T 
segment displacement was equal to or greater than 1 mm when 
measured 0.08 second after the J point in downsloping and 
horizontal segments. 

Ejection fraction and segmental wall motion mea- 
surements: Scintigraphic left ventricular ejection fraction 
was measured at rest and at the peak level of exercise in the 
modified left anterior oblique projection utilizing the area- ' 
length method.!?.13 Left ventricular segmental wall motion 
abnormalities were considered to show an abnormal response 
consistent with ischemia during exercise when a new abnor- 
mality appeared or when an abnormality at rest became more 
severe during exercise. In studying left ventricular segmental 
wall motion, the boundaries of the left ventricle as observed 
during end-systole and end-diastole were traced from the 
camputer display, care beirg taken to identify the aortic valve 
plane as precisely as possible. A qualitative analysis of seg- 
mental wall motion in the septal, lateral and apical regions in 
both the resting and exercise studies was obtained. In 18 pa- 
tients a quantitative analysis of segmental wall motion from ° 
the traced end-systolic and end-diastolic images was made as 
follows: Systolic and diastolic boundaries of the left ventricle 
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TABLE ii 
Description of Wall Motion for a Given Wall Motion Value* 
GOSPEL Set AERO hay CERES d M 
Lateral Apical Septal 
Normal 250 >60 >40 
Hypokinetic 11 to 50 11 to 60 11 to 40 
Akinetic — 10 to 10 — 10 to 10 — 10 to 10 
Dyskinetic « — 10 «—10 «.—10 
* Modified left anterior oblique view. 
(2) & (9) Lateral 
@) & ©) " Apical 
: © © © * Septal 
^ v^. 
Apex Points 


FIGURE 6. Model for measuring left ventricular wall motion from the 
gated blood pool scintigrams viewed in a modified left anterior oblique 
projection. AVP = aortic valve plane. The numbers refer to eight seg- 
ments, equal in length, of the left ventricular wall. See text for de- 
tails. 


were defined and displayed with aortic valve planes super- 
imposed using a Tektronix 4002-A graphics display terminal 
interfaced with a DEC PDP-8I minicomputer. A mapping of 
contraction from the diastolic boundary to the systolic 
boundary was accomplished with an algorithm implemented 
on the PDP-8I minicomputer. Essentially, each boundary was 
divided at the apex into two parts. These two parts, for each 
boundary, were further subdivided into four segments of equal 
length. Each segment (eight to a boundary) (Fig. 6) consists 
of a minimum of 16 equispaced points; corresponding systolic 
and diastolic segments contain the same number of points. 
The model assumes that each point of the diastolic boundary 
maps or contracts into the corresponding point of the systolic 
boundary; that is, the diastolic apex point maps into the sys- 
tolic apex point, and so forth. The distance between each set 
of corresponding points is calculated and, for any given seg- 
ment, these distances are averaged to give an absolute value 
of wall motion for that segment. These absolute values are 
normalized by dividing by the end-diastolic boundary length. 
Because this quotient is always less than 1, the normalized 
values are multiplied by a constant that translates the wall 
motion values to a desired range. The same constant is applied 
to all patients. The figure representing wall motion has no 
dimension and is not a percentage. 

The distinction between normal and abnormal wall motion 
values was determined empirically from 10 patients with and 
without heart disease studied angiographically and scinti- 
graphically at this institution. Abnormal values are catego- 
rized as shown in Table II. Segments one and eight shown in 
Figure 4 were not included in the analysis because of difficulty 
in delineating the ventricular boundary precisely in these 
regions. 


Results 


Exercise electrocardiographic responses: 
Twenty-seven patients underwent submaximal exercise 
at the time of hospital discharge after acute myocardial 
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FIGURE 7. Changes in left ventricular (LV) ejection fraction between 
rest (R) and submaximal exercise (E) in patients with anterior, inferior 
and subendocardial infarcts. Note that patients with an anterior infarct 
manifest a marked reduction in ejection fraction with submaximal ex- 
ercise, but those with an inferior or nontransmural infarct usually 
maintain a more stable ejection fraction with the same stress. The open 
circles and dotted lines in each group represent the mean rest and 
exercise ejection fraction for that particular group. 


infarction (Table III). These patients had a mean heart 
rate of 74 + 10 beats/min at rest before exercise and a 
rate of 106 + 14 beats/min after exercise. Exercise 
testing was terminated in nine patients when they 
reached a heart rate of 120 to 125 beats/min (Table III) 
because this was the desired end point of the test. Heart 
rate (HR) increased significantly with exercise in pa- 
tients with subendocardial infarction (AHR = 31.7, P 
<0.005), anterior (AHR = 33.4, P <0.001) and inferior 
infarction (AHR = 30.8, P <0.001), and in all patients 
as a group (AHR = 31.8, P <0.001). Three of these pa- 
tients had a positive electrocardiographic response at 
this exercise level. Eleven patients achieved a heart rate 
of 100 to 120 beats/min; in these, the submaximal ex- 
ercise test was terminated because of angina (three 
patients), fatigue (five patients), a positive electrocar- 
diographic response (two patients) or arrhythmia (one 
patient) (Table III). In the latter patient (Case 15), left 
ventricular ejection fraction and segmental wall motion 
were measured before the development of the ar- 
rhythmia at a heart rate of approximately 105 beats/ 
min. Six of the remaining seven patients reached a heart. - 
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TABLE lll 
Characteristics of Patient Population 
Days 
Case Age (yr) After Restud- 

no & Sex Admission ied Diagnosis CHF 
1 68 M 13 6 wk Ap-lat TMI x 
2 73 F 26 Ant-lat TMI X 
3 59 M 17 6 wk Ant-lat TMI X 
4: 68M 14 6 wk Ant-lat TMI x 
5 57M 37 Ap TMI X 
6 47 M 20 Ant-lat TMI x 
7 60 M 18 Ant-lat TMI 
8 41M 20 Ant-lat TMI 
9 77F 19 Inf-post TMI X 

10 63F 13 6 wk Inf TMI 

11 63M 20 6 wk Inf TMI 

12 46M 16 Inf TMI 

13 45M 15 6 wk Inf TMI 

14 47M 19 Inf TMI 

15 55 F 12 Inf TMI 

16 56M 13 Inf-post TMI 

17 56 M 21 Inf TMI 

18 64M 14 Inf TMI 

19 73 F 15 7 wk Inf-lat TMI 

20 50M 14 Inf-lat TMI x 

21 79M 20 Inf-lat TMI x 

22 89M 16 Ant SEMI x 

23 48M 14 Ant SEMI 

24 68 F 15 SEMI 

25 65 F 33 6 wk Inf-lat SEMI 

26 40M 22 7 wk Inf-lat SEMI 

27 44F 13 Ant SEMI 


MHR ECG Chest 
Med (E) (E) Pain Fatigue Arrhythmia 

Digoxin 100 (=) X 

Digoxin 111 (=) X 

Digoxin, 110 (+) x 
furosem- 
ide 

Digoxin, 100 (e x 
furosem- 
ide 

Digoxin 88 (+)* 

Digoxin 125 (—) 

TNG 125 (+) 

Quinidine, 93 (+)* 
propran- 

olol 

Digoxin, 107 (=) x 
furosem- 
ide, isordil 

Aldomet" 120 (+) 

Esidrex® 

TNG 120 (~) 

110 (=) X 

Quinidine, 104 (=) x Junctional 
diaze- PVCs 
pam 

Isordil® 100 (—) X Occasional 

PVCs 
90 i) X 

Furosemide 120 (~) 

Quinidine, 105 (+) Tach 150/min, 
procain- VT or SVT 
amide with 

aberrant 
conduction 

Isordil®, 125 (+) 
propran- 
alol 

120 (m) 

Digoxin 94 (=) X 

Digoxin, 100 (+)* 
furosem- 
ide 

110 (+)* Occasional 
120 (=) 
TNG 92 (9 X 
68 (—) x 
90 (—) X 
120 (e) 


* Exercise testing stopped because of positive electrocardiographic response. 
— = negative electrocardiographic response; + = positive electrocardiographic response; x = symotom developed. 
Ant = anterior; Ap = apical; CHF = congestive heart failure; E = on exercise testing; ECG = electrocardiographic response; Inf = inferior; Lat 


rate of 90 to 100 beats/min. In these patients, the test 
was discontinued because of angina (one patient), fa- 
tigue (three patients) or a positive electrocardiographic 
response (two patients) (Table III). The remaining 
patient (Case 25, inferolateral myocardial infarct) had 
a resting heart rate of 55 beats/min and had chest pain 
at the initial low exercise load at a heart rate of 68 
beats/min (Table III). 

Ejection fraction with exercise: Patients with an 
anterior myocardial infarct had a mean left ventricular 
ejection fraction at rest (44 + 7.3 [standard error]) that 
was significantly lower (P «0.01) than that in patients 
. with an inferior (61 + 3.8) or a subendocardial (52 + 9.4) 
‘myocardial infarct. Six of the eight patients with an 
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anterior myocardial infarct had heart failure as a com- : 
plication. With exercise, left ventricular ejection frac- 
tion decreased considerably in seven of eight patients 
with an anterior infarct, but did not significantly change 
in patients with an inferior or a subendocardial infarct 
(Fig. 7). | 

Segmental wall motion abnormality with exer- 
cise: Of the eight patients with an anterior infarct, seven 
had segmental wall motion abnormalities at rest (Table 
II). On exercise, these abnormalities were more severe 
in four patients (Fig. 2) and unchanged in three (‘Table 
III). The remaining patient had no wall motion abnor- 
mality at rest or during exercise. Of these eight patients, 
four had classic exercise electrocardiographic alterations 
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: TABLE Ill 
(continued) 
a NEM 
Ejection 
Fraction 
Case (%) LV Wall Motion Rest Exercise s 
no. R E Lat Ap Sept Lat Ap Sept RAO 
1 45 25 Diffuse No changes 30 26 27 36 27 29 N.O. 
hypokinesia 
2 52 37 Akinesia, ap Dyskinesia, ap N.O. 
3 26 6 Diffuse No changes 25 20 16 15 12 11 Diffuse hypoki- 
hypokinesia nesia  . 
4 33 13 Hypokinesia, ap- Dyskinesia, ap 30 42 69 35 21 28 Dyskinesia, 
lat ant-ap 
5 32 19 Hypokinesia, ap- Diffuse 43 41 18 27 13 15 Severe hypoki- 
sept hypokinesia nesia 
6 21 17 Hypokinesia, ap- No changes Dyskinesia, 
sept ant-ap 
7 80 73 Normal Normal 
8 67 48 Akinesia, ap Dyskinesia, ap 
9 45 52 Normal Dyskinesia, ap 67 52 64 77 —39 36 N.O. 
10 69 68 Normal Normal 104 181 124 103 133 110 N.O. 
11 54 65 Normal Normal 90 85 69 101 146 101 N.O. 
12 70 60 Normal Normal 76 139 89 93 132 91 N.O. 
13 44 34 Normal Hypokinesia, 60 83 41 42 48 53 Bites 
ap in 
14 62 60 Normal Normal 99 148 91 88 132 83 N.O. 
15 80 79 Normal Normal 93 68 91 106 124 40 Normal 
16 70 65 Normal Normal Akinesia, 
inf 
17 67 71 Normal Normal Normal 
18 67 56 Normal Normal Normal 
19 79 86 Normal Normal 134 195 127 149 246 134 N.O. 
20 26 50 Akinesia, ap No changes 45 7 41 40 -i 32 N.O. 
21 60 42 Hypokinesia, Akinesia, ap- Akinesia, 
sept sept inf 
22 63 60 Akinesia, ap No changes 60 36 90 70 26 70 N.O. 
23 36 25 Dyskinesia, ap No changes 51 di i: 41 51 —26 40 Dyskinesia, 
ant-ap 
24 52 48 Normal Normal 56 82 36 60 99 92 Normal 
25 57 50 Normal Normal 80 92 74 55 93 55 N.O. 
26 66 73 Normal Normal 98 116 97 101 147 79 Normal 
27 65 72 Normal Akinesia Normal 


= lateral; LV = left ventricular; Med = medication; MHR = maximal heart rate; N.O. = not obtained; post = posterior; PVCs = premature ventricular 
complexes; R = at rest; RAO = right anterior oblique view; SEMI = subendocardial myocardial infarct; sept = septal; SVT = supraventricular 


tachycardia; Tach = tachycardia; TMI = transmural myocardial infarction; TNG = nitroglycerin; VT = ventricular tachycardia. 


of ischemia at the end of the submaximal test (two of 
these patients were taking digoxin) (Table III). Of these 
four, two (Cases 5 and 8) had more marked wall motion 
abnormalities with exercise (Fig. 2), one (Case 3) had 
a wall motion abnormality at rest that was unchanged 
with exercise and the other (Case 7) had no wall motion 
abnormality at rest or during exercise (Table III). 

Of the 13 patients with an acute inferior infarct, 11 
had apparently normal segmental wall motion in the 
modified left anterior oblique projection at rest (Table 
III). Two of these 11 patients had segmental wall motion 
abnormalities with exercise (Table III) (Fig. 3). The two 
remaining patients had segmental wall motion abnor- 
malities at rest that became more marked with sub- 
maximal exercise in one and were unchanged with ex- 
ercise in one. Four of the 13 patients had a positive 
electrocardiographic response with submaximal exercise 
. (one was taking digoxin) (Table IIT). Three showed 
ST-T changes at the site of the previous infarct and the 
fourth manifested ST-T changes in the high lateral wall 
and aVL. One of these patients had a more severe seg- 


mental wall motion abnormality with exercise (Table 
III). 

Of the six patients with a nontransmural myocardial 
infarct, four had no identifiable abnormality of left 
ventricular segmental wall motion at rest (Table III). 
Only two of these four manifested a segmental wall 
motion abnormality with exercise (Table IIT) (Fig. 8). 
The remaining two patients had a segmental wall mo- 
tion abnormality at rest, but no exaggeration of that 
abnormality or new regional abnormality developed 
with submaximal exercise (Table III). One of these two 
patients had a positive electrocardiographic ischemic 
response with exercise. This patient had a left ventric- 
ular segmental wall motion abnormality at rest that did 
not change with exercise (Table III). 

Correlation of right and modified left anterior 
oblique views: Radionuclide gated blood pool scinti- 
grams obtained at rest in the right anterior oblique 
projection were available in 14 patients..Four had an ' 
anterior transmural, six an inferior transmural and four - 
a nontransmural myocardial infarct. The correlation 
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between the right anterior oblique and modified left 
anterior oblique views in identifying segmental wall 
motion abnormalities was excellent in those patients 
with an anterior transmural or a nontransmural infarct 
(Table III). However, in three patients with an inferior 
infarct, ventricular segmental wall motion abnormalities 
at rest were evident in the right anterior oblique view 
but not in the left anterior oblique projection (Table 
III). 

Repeat studies: Nine patients were studied again 6 
weeks after the first submaximal exercise evaluation 
(Table IV). None had experienced an important isch- 
emic event since the initial evaluation. No patient at- 
tained a heart rate appreciably higher than that 
achieved during the initial exercise test. Six of the nine 
had the same segmental wall motion response to exer- 
cise demonstrated during the initial study (Table IV). 
There was no major group difference in the alterations 
in left ventricular ejection fraction or the electrocar- 
diographic response with exercise compared with values 
noted during the initial exercise test (Table IV). 


Discussion 


Comparison of results of dynamic myocardial 
scintigraphy in anterior, inferior and transmural 
myocardial infarction: Our study evaluated the ability 
of dynamic myocardial scintigraphy and electrocar- 
diographic monitoring to detect myocardial ischemia 
in patients undergoing submaximal exercise 2 1/2 to 3 
weeks after acute myocardial infarction. The data 
demonstrate that patients with a recent acute anterior 
infarction generally manifest a marked reduction in left 
ventricular ejection fraction with submaximal exercise 
(Fig. 7). The majority of these patients have detectable 
segmental wall motion abnormalities at rest that, in 
some, become even more marked with minimal effort. 
Electrocardiographic testing did not identify ischemic 
responses in some of these patients and, as expected, did 
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FIGURE 8. Case 27 (Table Il). Left, gated scintigrams obtained from 
& patient with subendocardial myocardial infarction showing normal 
left ventricular wall motion a: rest and apical akinesia with submaxial 
exercise. Abbreviations as in Figure 1. Right, electrocardiogram at rest 
(R) and negative electrocardiographic response obtained during exercise 
(E) in the same patient. 


not identify the marked impairment of left ventricular 
function developing with modest effort. In contrast, 
patients with inferior and nontransmural infarction had 
no significant reduction in left ventricular ejection 
fraction (Fig. 7). Patients with an acute inferior infarct 
whose scintigraphic images were obtained in the mod- 
ified left anterior oblique projection infrequently 
manifested regional left ventricular wall motion ab- 
normalities at rest and also generally failed to show wall 
motion abnormalities with exercise. However, these 
findings may have been partly the result of the imaging 
projection utilized because three of these six patients 
had evidence of wall motion abnormalities at rest in the 
right anterior oblique projection. Three of six patients 
with a nontransmural infarct also manifested regional 
wall motion abnormalities during exercise. The rela- 
tively stable left ventricular ejection fraction during 
exercise in patients with an inferior infarct does not 
appear to be primarily related to an undetected inferior 
wall motion abnormality because one would not expect 
the wall motion abnormality in these patients to be se- 
vere. However, this possibility cannot be absolutely 
excluded. Patients with a nontransmural infarct also did 
not have a significantly reduced ejection fraction with 
exercise. Patients with an inferior infarct more often 
manifested a positive electrocardiographic response 
than segmental wall motion abnormalities, but this also 
may have been due to use of a modified left anterior 
rather than the right anterior oblique projection. 
Previous studies: Green, Borer, Kent and their co- 
workers91^15 showed that dynamic myocardial scin- 
tigraphy with maximal exercise testing utilizing tech- 
netium-labeled albumin is useful in identifying ven- 
tricular wall motion abnormalities in patients with 
chronic ischemic heart disease, assessing the influence 
of coronary artery revascularization on segmental wall 
motion!* and helping to identify left ventricular func- 
tion abnormalities in patients with aortic regurgita- 
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` TABLE IV 
Repeat Submaximal Exercise Testing in Nine Patients 6 Weeks After Myocardial Infarct 
Age LV Ejection 
Case (yr) Exercise MHR ECG Chest Fraction LV Wall Motion 
no.  &sex Test* Diagnosis CHF Med (E) (E) pain Fatigue Rest Exercise R 
1 68M _ 1(13 days)* Ap-lat TMI x Digoxin, 100 (3 x 45 25 Diffuse hypokinesia No changes 
Lasix” 
2 (6 wk) Same drugs 100 (—) x 47 39 Apical akinesia Ap 
dyskinesia 
6 59M 1(17 days) Ant-lat TMI x Digoxin, 110 (+) x 26 6 Severe diffuse No changes 
Lasix® hypokinesia 
2 (6 wk) x Same drugs 110 (+) x 16 14 Severe diffuse No changes 
hypokinesia 
4 68M 1(14 days) Ant-lat TMI x Digoxin, 100 (~) x 33 13 Hypokinesia, ap-lat Ap 
Lasix® dyskinesia 
2 (6 wk) Same drugs 88 (+) x 36 44 Hypokinesia, ap-lat Ap 
dyskinesia 
10 63F 1(13 days) Inf TMI None 120 (+) 69 68 Normal No changes 
2 (6 wk) 120 (—) x 57 65 Normal No changes 
11 63M 1(20days) Inf TMI TNG 120 (—) 54 65 Normal No changes 
2 (6 wk) 136 e x 61 61 Normal No changes 
13 45M 1(15 days) Inf TMI None 104 (=) x 44 34 Normal Ap hypo- 
kinesia 
2 (6 wk) 125 (+) x 32 20 Severe hypokinesia No changes 
19 73F 1(15 days) Inf-lat TMI None 120 (—) 79 86 Normal No changes 
2 (7 wk) 110 (—) x 79 79 Normal No changes 
25 65F  1(33days) Inf-lat SEMI Isordil* 68 t) x 57 50 Normal No changes 
2 (6 wk) Isordil® 76 (-) x 53 49 Lateral akinesia Lat 
dyskinesia 
26 40M _ 1(22 days) Inf-lat SEMI None 90 (—) x 66 73 Normal No changes 
2 (7 wk) 115 (—) x 63 74 Normal No changes 





* 1 and 2 indicate first and second submaximal exercise tests. Data in parentheses indicate the number of days after admission (test 1) or weeks after infarction 


(test 2) the test was performed. 
Abbreviations as in Table Ill. 


tion.!? These investigators emphasized that with normal 
persons, left ventricular ejection fraction increases with 
exercise, but in those with extensive coronary artery 
disease ejection fraction may decrease with maximal 
exercise. Borer et al. also found that the left anterior 
oblique imaging projection fails to identify segmental 
wall motion abnormalities in some patients with right 
coronary artery disease.9 The modified left anterior 
oblique imaging projection allows one to separate the 
left and right ventricles, thus eliminating overlapping 
right ventricle as one analyzes segmental left ventricular 
wall motion. However, it is not the optimal way to image 
scintigraphically the diaphragmatic aspect of the left 
ventricle. 

Advantages and reproducibility of method: The 
technique utilized in this study to obtain stable radio- 
nuclide blood pool scintigrams is a modification of the 
method for in vivo labeling of red blood cells that we!? 
have previously described. The modification allows one 
to obtain stable blood pool scintigrams within 20 min- 
utes after completing an initial intravenous injection 
of 5 mg of stannous pyrophosphate followed within 10 
to 15 minutes by the intravenous injection of 15 mCi of 
technetium-99m pertechnetate. In patients who had left 
heart catheterization, angiographic and scintigraphic 
measurements of left venticular ejection fraction and 


segmental wall motion correlated well (Table I) (Fig. 4 
and 5). 


A potential concern in the acquisition of gated scin- 
tigraphic exercise studies is one's capability to collect 
enough radionuclide counts to define ventricular 
boundaries accurately. At the higher work loads some 
patients are not able to exercise long enough to allow 
accurate left ventricular definition. In these patients we 
utilized the last exercise level reached that resulted in 
a sufficient number of radionuclide counts permitting 
delineation of left ventricular boundaries and thus 
analysis of left ventricular ejection fraction and seg- 
mental wall motion. Increased data acquisition rates will 
become possible as a result of further development of 
imaging cameras and computer systems. Consequently, 
this form of scintigraphic exercise testing should be even 
more useful in identifying ischemic responses and al- 
terations in cardiac function in patients with heart 
disease. 


Our exercise scintigraphic results appeared to be re- 
producible. The nine patients undergoing repeat sub- 
maximal exercise testing 6 weeks after hospital dis- 
charge had left ventricular ejection fraction and seg- 
mental wall motion responses similar to those of the 
initial submaximal test before discharge. 
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Clinical implications: Our results demonstrate that, 
optimally, both dynamic myocardial scintigraphy and 
electrocardiographic monitoring should be used to 
identify ischemic responses in patients undergoing 
submaximal exercise 2 1/2 to 3 weeks after myocardial 
infarction. The data also suggest that patients with an 
anterior infarct have a different functional response to 
submaximal exercise from patients with an inferior or 
nontransmural infarct. The prognostic importance of 
the different left ventricular functional responses and 
patterns of regional wall motion alteration will have to 


be determined in future studies of larger numbers of * 
patients evaluated after myocardial infarction. 
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Ninety-seven patients with a prior transmural myocardial infarction who 
underwent coronary angiography and treadmill stress testing were studied 
retrospectively to assess the reliability of the exercise electrocardiogram 
in detecting additional disease in patients with a prior infarction. In patients 
with a previous inferior wall infarction, the S-T response to the treadmill 
stress test had a high degree of sensitivity (87 percent) and specificity 
(90 percent) in detecting additional significant coronary artery disease. 
However, in patients with a previous anteroseptal wall infarction, the S-T 
response had much less sensitivity (52 percent), but the degree of 
specificity remained high (90 percent). In this group a positive test sug- 
gested the presence of ischemia in the lateral or inferoposterior region 
of the myocardium, or both. A negative S-T response was of little value 
in distinguishing among groups of patients with single or multiple vessel 
coronary artery disease. The presence of an anterior ventricular aneurysm 
is most likely responsible for this low sensitivity rate because it generates 
an opposing force to the ischemic vector, thereby cancelling the S-T 
segment changes and producing a false negative treadmill stress test. 
The resting surface electrocardiogram proved useful in predicting a false 
negative exercise test. The presence of Q waves in the precordial leads 
extending to lead V4 or beyond decreased the sensitivity rate of treadmill 
stress testing to 33 percent. 


Stress testing is a valuable noninvasive method of assessing the presence 
of underlying coronary disease. It is apparent that the number and 
location of significantly narrowed vessels are important determinants 
of morbidity and mortality.! Patients who have had a previous myo- 
cardial infarction may or may not be at risk of infarction in other areas 
of the myocardium depending on the presence or absence of additional 
disease. Therefore it is important to determine the usefulness of stress 
testing after a myocardial infarction. 

To date, studies correlating the sensitivity and specificity of the 
treadmill stress test in patients with a previous myocardial infarctión 
suggest that the sensitivity is reduced.2-5 This study was undertaken to 
determine the reliability of the treadmill stress test in detecting other 
areas of coronary artery disease in patients with a previous inferior wall 
myocardial infarction or previous anteroseptal wall myocardial infarc- 
tion, or both. 


Methods 


Selection of patients: All patient treadmill stress test records performed at 


this center since 1972 were reviewed retrospectively. There were 97 patients with | 


myocardial infarction who had had coronary angiography and treadmill stress 
testing. All available information, including the hospital records, was reviewed. 
The criterion for selection was a previous transmural myocardial infarction as 
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demonstrated by significant Q waves in the resting electro- 
cardiogram permitting the area of infarction to be localized 
to either the inferior or the anteroseptal area. All patients had 
a clinical history of myocardial infarction at least 2 months 
before the treadmill stress test. The treadmill stress test and 
coronary angiography were performed within 5 months of each 
other. All patients were symptomatic and were suspected of 
having further coronary artery disease necessitating coronary 
angiography. Patients with pericarditis, valvular heart disease 
or congenital heart disease were excluded. Also excluded were 
patients with severe hypertension or primary myocardial 
disease and those who had been taking digitalis before the 
treadmill stress test. 

Exercise test: Patients underwent maximal exercise ac- 
cording to the Ellestad protocol. A three lead system of re- 
cording the electrocardiogram was used in 80 of the 97 pa- 
tients. These leads consisted of a bipolar CM; lead, a vertical 
bipolar lead III and a unipolar V, lead.8 The remaining 17 
patients had a single CM; lead recording. Each lead was 
evaluated for significant S- T depression defined as depression 
below the resting level of 1.0 mm 60 msec from the J point if 
the segment was horizontal or flat and 1.5 mm 80 msec from 
the J point if the segment was upsloping during exercise or in 
the immediate postexercise period.5? Each lead was also ex- 
amined for significant S-T elevation defined as 1.0 mm above 
the resting level during exercise or immediately after. The 
treadmill stress test was examined independently without 
prior knowledge of the coronary angiograms. 

For the purposes of our study, a true positive test was de- 
fined as one showing significant S-T depression in a patient 
who had coronary obstruction to an area of myocardium that 
had not undergone infarction as well as obstruction in a vessel 
perfusing the area of infarcted myocardium. A true negative 
test was defined as one showing no S-T depression in a subject 
who had disease only in the vessels perfusing the area of in- 
farcted myocardium. 

Cardiac catheterization: This procedure was performed 
with the Sones or Judkins technique. Cineangiograms were 
recorded on 35 mm film in multiple views. The coronary ob- 
structions were then classified according to severity into six 
groups (0 to 19 percent, 20 to 50 percent, 51 to 70 percent, 71 
to 89 percent, 90 to 99 percent and 100 percent). The degree 
of obstruction was determined by measuring the obstructed 
area and subtracting the ratio of the square of the obstructed 
diameter over the square of the unobstructed diameter from 
100 percent; that is, percent obstruction = 100 percent — 
[(obstructed diameter)? divided by (unobstructed diameter)?]. 
For the purpose of this study, a luminal stenosis of 50 percent 
or greater corresponding to a 70 percent or greater cross-sec- 
tional area of obstruction was considered significant. Single 
plane left ventricular cineangiography was performed in the 
right anterior oblique projection. The presence of collateral 
channels was noted and tabulated. 


TABLE | 


Left Ventricular Contraction Abnormalities in 47 Patients 
With Inferior Wall Infarction 
OEC oca idit azote SES AS ea Yr ERN 
Site of 
Infarct — Dyskinesia Akinesia Hypokinesia Normal Total 
——ÓÓÓÉÓÉÓÉEELHUpuemesm NOTTS dou 


Inf 4 23 14 6 47 
Ap 8 15 14 10 47 
. Ant 0 1 13 33 47 


Ant — anterior wall; Ap — apical wall; Inf — inferior wall. 


Each cineangiogram was reviewed and the vessel or xessels * 
that supplied the anteroseptal region, the lateral wall region 
or the inferior wall region were noted. The degree of ob- 
struction and presence of collateral vessels to the respective 
areas were tabulated. The inferior wall was supplied by the 
right coronary artery or the left circumflex coronary artery and 
the lateral wall by the marginal circumflex branch, an inter- 
mediate vessel or the diagonal branch of the left anterior de- 
scending artery, alone or in combination. The anteroseptal 
region was considered supplied by the left anterior descending 
artery with or without significant contribution from the di- 
agonal artery. 

The left ventricle was divided into five segments as follows: 
posterobasal, diaphragmatic, apical, anterolateral and an- 
terobasal. Areas with an abnormal contraction pattern were 
described qualitatively as hypokinetic when systolic move- 
ment was less than normal, akinetic when no inward move- 
ment was observed during systole and dyskinetic when a 
paradoxical systolic movement was seen.$ An aneurysm was 
defined as a dyskinetic area. A small aneurysm comprised 
dyskinesia of one segment, a medium-sized aneurysm dyski- 
nesia of two segments and a large aneurysm dyskinesia of 
three or more segments of the myocardium. The coronary 
angiograms and left ventricular angiograms were graded 
without prior knowledge of results of the treadmill stress 
test. 

Electrocardiogram: The resting electrocardiograms of all 
patients were reviewed. The patients were grouped into those 
with inferior wall infarction, anteroseptal wall infarction or 
anteroseptal plus inferior wall infarction.9 In addition, the 33 
patients with an anteroseptal infarction and additional cor- 
onary artery disease were separated into three groups ac- 
cording to the extent of significant Q waves in the precordial 
leads. These groups included 10 patients with Q waves in leads 
V; to V4 or beyond, 10 patients with Q waves in leads Vito V3 
and 13 patients with Q waves in only one or two precordial 
leads. 


Results 


A total of 99 cineangiograms and treadmill stress tests 
were reviewed in 97 patients (2 patients were studied 
twice). There were 86 men and 11 women ranging in age 
from 30 to 74 years (average age 54). There were 47 pa- 
tients with inferior infarction, 43 with anteroseptal in- 
farction and 9 with both anteroseptal and inferior in- 
farctions. The time interval from infarction to treadmill 
stress testing ranged from 2 months to 14 years (mean 
33 months). The interval between treadmill stress 
testing and coronary angiography ranged from a few 
hours to 5 months (average 20 days). 


Inferior Myocardial Infarction 


Correlation of infarction with left ventricular 
angiogram: Of the 47 patients with an inferior infarc- 
tion, 45 had evidence of contraction abnormalities in the 
left ventricular angiogram (Table I). The angiograms 
were classified according to the most severe abnormality 
demonstrated in the anterior, inferior or apical segment. 
There were 41 angiograms with inferior wall contraction 
abnormalities (23 akinetic, 4 dyskinetic and 14 hypo- 
kinetic). There were 37 apical abnormalities (15 
&kinetic, 8 dyskinetic and 14 hypokinetic). The anterior 
wall was normal in 33 cases, hypokinetic in 13 and aki- 
netic in 1 case. 
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" TABLE Il 


Sensitivity and Specificity of the Treadmill Stress Test in 47 
Patients With Inferior Wall Myocardial Infarction 


Additional Coronary Artery Disease 
Ant-Sept Ant & Lat Lat Total 


No 
Treadmill Additional 
Stress test Disease" 


P 10% (1) 7096 (7) 88% (21) 10096 (3) 8496 (31) 

positive 

Percent 90% (9) 30% (3) 12% (3) 0% (0) 16% (6) 
negative 


* Significant coronary arterial narrowing only in the artery leading 
to the inferior wall. 

Ant & lat = coronary arterial narrowing in the inferior, anteroseptal 
and lateral walls; Ant-sept = coronary arterial narrowing in both the 
arteries leading to the inferior and anterior septal walls; Lat = coronary 
arterial narrowing in the inferior and lateral walls. Figures in parentheses 
indicate the number of patients in each group. 


TABLE Ill 


Left Ventricular Contraction Abnormalities in 43 Patients 
With Anteroseptal Wall Infarction 


Site of 

infarct Dyskinesia Akinesia Hypokinesia Normal Total 
Inf 0 1 10 32 43 
Ap 30 2 6 5 43 


Ant 10 11 14 8 43 


Abbreviations as in Table l. 


Correlation of stress test with coronary angio- 
gram: There were 37 patients with a previous inferior 
infarction who had significant additional disease in the 
coronary artery leading to either the anteroseptal wall 
or the lateral wall, or both. These patients, therefore, 
not only had significant coronary obstruction leading 
to the area of the inferior wall infarction, but also 
showed significant coronary obstruction to an additional 
area of the heart. 

Thirty-one patients (84 percent) had significant S-T 
depression on treadmill testing (true positive tests); six 
patients (16 percent) had no S-T depression (false 
negative tests). Anteroseptal ischemia was detected with 
the treadmill test in 7 of 10 patients, lateral wall isch- 
emia in 3 of 3 patients and combined lateral and an- 
teroseptal wall ischemia in 21 of 24 patients (88 per- 
cent). 

Ten patients had no additional coronary disease other 
than that leading to the area of inferior wall infarction. 
Nine of the 10 patients had a negative S-T response on 
exercise (true negative test). The one patient with a 
positive response had a subsequent single vessel bypass 
to the right coronary artery. 

In patients with a previous inferior infarction, a 
positive treadmill stress test response had a sensitivity 
rate of 84 percent. À negative treadmill stress test re- 
sponse had a specificity rate of 90 percent (Table II). 

Stress test lead pattern: Figure 1 shows the relation 
between the S- T changes produced on treadmill testing 
in the three leads recorded in the patients with addi- 
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FIGURE 1. S-T changes noted during the treadmill stress testing in each 
of the three leads (CMs, IIl and V4) in patients with myocardial infarction 
and additional coronary artery disease. The arrows pointing down 
represent the number of patients with significant S-T depression. The 
arrows pointing up indicate the number of patients with significant S-T 
elevation. The middle bars indicate the number with S-T changes of less 
than 1 mm. The numbers on the ordinate and to the right of each arrow 
or bar represent the number of patients in each group. 


tional coronary disease. The CM; lead was the most 
sensitive lead for detecting ischemia, showing S-T de- 
pression in 29 patients, no S-T change in 7 and S-T el- 
evation in 1 patient. Leads V; and III were recorded in 
31-of these patients. Lead V; showed either no S-T 
change (14 patients) or reciprocal S-T elevation (14 
patients). Two patients had S-T depression detected 
in lead V; only. Lead III showed no S-T change in 16 of 
the 31 patients, S- T depression in 6 and S-T elevation 
in 8. 


Anteroseptal Myocardial Infarction 


Correlation of infarction with left ventricular 
angiogram: Forty-one of the 43 patients with electro- 
cardiographic evidence of an anteroseptal infarct had 
evidence of contraction abnormalities in the left ven- 
tricular angiogram. The angiograms were again classi- 
fied according to the most severe segmental abnormality 
(Table III). There were 35 anterior wall abnormalities 
(11 akinetic, 10 dyskinetic and 14 hypokinetic) and 38 
apical contraction abnormalities (30 dyskinetic, 2 
akinetic and 6 hypokinetic). The inferior wall was nor- 
mal in 32 patients, hypokinetic in 10 and akinetic in 
d 

Correlation of stress test with coronary angio- 
gram: There were 33 patients with a previous antero- 
septal infarct and additional significant coronary artery 


AN July 1978 The American Journal of CARDIOLOGY Volume 42 31 


STRESS TESTING AFTER PRIOR INFARCTION—CASTELLANET ET AL. 


disease. Seventeen (52 percent) of these 33 had a posi- 
tive S-T response on treadmill stress testing (true pos- 
itive test) and 16 (48 percent) had a false negative S-T 
response. Lateral wall ischemia was detected in 4 of 6 
patients, inferior wall ischemia in 5 of 7 and combined 
lateral and inferior wall ischemia in 8 of 20. 
` Ten patients had no additional coronary disease, and 
nine of these had a true negative treadmill stress test 
response. The patient with a false positive response 
subsequently had bypass surgery to the left anterior 
descending coronary artery, but was again classified as 
having a false positive response for the purpose of this 
study. 

In patients with a previous anteroseptal infarction, 
a positive stress test response had a sensitivity rate of 
92 percent and a negative response had a specificity rate 
of 90 percent (Table IV). 

Resting electrocardiogram: The resting electro- 
cardiogram was compared with treadmill stress test 
responses in the 33 patients with anteroseptal infarction 


TABLE IV 


Sensitivity and Specificity of Treadmill Stress Test in 43 
Patients With Anteroseptal Wall Infarction 


Additional Coronary Artery Disease 
Lat Lat & Inf Inf Total 


No 
Treadmill Additional 


Stress test Disease 

Percent 10% (1) 66% (4) 40% (8) 71% (5) 52% (17) 
positive 

Percent 90% (9) 34% (2) 60% (12) 29% (2) 48% (16) 
negative 


cem comet. I CS Oe SOR E Oe SESE, eked S2 IER] 
Inf = inferior; other abbreviations as in Table II. 


LG. + MED. 
AP-ANT-AN 


SM + NO 
AP-ANT-AN. 





FIGURE 2. S-T changes noted during the stress test in each of the three 
leads (CMs, Ill and V4) in patients with an anteroseptal myocardial in- 
farction and additional coronary artery disease. Conventions as in F igure 
1. Note that the presence of a medium (MED.) or large (LG.) apical- 
anterior aneurysrh (AP-ANT-AN) results in no S-T change or S-T ele- 
vation in lead CMs. SM + NO = patients with a small or no apical-an- 
terior aneurysm. 


and additional significant coronary disease. The inci- 
dence rate of a false negative stress test was 70 percent 
in 10 patients who had Q waves in leads V, to V4 or be- 
yond, 31 percent in 13 patients with Q waves in one or 
two precordial leads and 50 percent in the remaining 10 
patients with Q waves in leads V, to V3. 

Stress test lead pattern: Figure 2 demonstrates the 
relation between S-T changes on treadmill testing in the 
three leads recorded in the 33 patients with additional 
coronary disease. Multiple lead recordings were avail- 
able in 28 of these patients. Also included is the relation 
between electrocardiographic changes and the presence 
of two or more segments of dyskinesia versus only one 
segment or none. The exercise electrocardiogram was 
not a sensitive detector of further coronary artery dis- 
ease in this group of patients. In 16 of the 33 patients the 
CMs lead revealed either no change in S- T segment or 
S-T elevation (false negative response). S- T elevation 
in this lead was associated with a large apical anterior 
wall aneurysm with or without further coronary disease 
in all eight patients with this finding (Fig. 3). In 14 of 16 
the patients (93 percent) with a false negative treadmill 
test response, two or more segments of dyskinesia of the 
apical-anterior wall were demonstrated on left ven- 
tricular angiography. 

Among the 28 patients with additional coronary 
artery disease and a previous anteroseptal infarct, lead 
V: showed no S-T change in 18 and S-T elevation in the 
remaining 10 (Fig. 4). Analysis of S-T elevation in this 
lead in all patients with an anteroseptal infarct, irre- 
spective of additional disease, revealed that in 8 of 11 
patients (82 percent) it was associated with inferopos- 
terior wall coronary disease (Fig. 5). Furthermore, the 
fewer the number of apical-anterior segments of dys- 
kinesia the more likely was S- T segment elevation to be 
present (Fig. 6). This finding suggests that exercise- 
induced S-T elevation in lead V, is related to posterior 
wall ischemia rather than to anterior aneurysm. 

Lead III showed no S-T change in 16 of 28 patients, 
S- T segment depression in 5 and S-T elevation in 7. 


0 


CM. UL V, 


FIGURE 3. S-T changes during treadmill stress testing in all eight pa- 
tients in this study who had an antsroseptal myocardial infarction and 
S-T elevation in lead CMs. All eight patients had an associated large 
apica'-anterior aneurysm. Conventions as in Figure 1. 
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* Combined Anterior Septal and Inferior 
Myocardial Infarction 


Nine patients had both a previous anteroseptal and 
a previous inferior infarction (Table V). The ventricu- 
logram showed an inferior wall akinetic aneurysm in six 
of these patients, a hypokinetic inferior wall in two and 
a normal inferior wall in one. The ventricular apex was 
dyskinetic in six patients, hypokinetic in one patient 
and normal in the two patients. The anterior wall 


g NO - SM AP-ANT DYSK 








" Jj MED +LG AP-ANT DYSK 
i N= 16 
14 
12 
10 
8 
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FIGURE 4. Comparison of true positive (+TST) and false negative 
(—TST) treadmill stress test responses in 33 patients with an antero- 
septal myocardial infarction and additional coronary artery disease. Note 
the frequent occurrence of false negative responses. N = number of 
patients; NO + SM and MED + LG AP-ANT DYSK = no plus small and 
medium plus large apical-anterior dyskinesia. 
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FIGURE 5. S-T changes in lead V4 during treadmill stress testing in 28 
patients with an anteroseptal myocardial infarction. S-T elevation in 
lead V4 (V41) is associated with inferoposterior (INF .POST) wall coronary 
artery disease (DIS.). N = number of patients; 0 = no S-T change. 
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showed a dyskinetic segment in three patients, an 
akinetic segment in two, a hypokinetic segment in three 
and normal contraction in one patient. 

Of the seven patients with combined infarction and 
additional coronary artery disease in the lateral wall, six 
had an abnormal S-T response typical of ischemia on 
the stress test and one had a false negative response 
(Table VI). The remaining two patients had no addi- 
tional disease and one of them had a positive and one 
a negative stress test S- T response. 


TABLE V 


Left Ventricular Contraction Abnormalities in Nine Patients 
With Anteroseptal Plus Inferior Wall Infarction 


Dyskinesia  Akinesia  Hypokinesia Normal Total 


Inf 0 6 2 1 9 
Ap 6 0 1 2 9 
Ant 3 2 3 1 9 


NALE MUN Mn 


Abbreviations as in Table I. 


TABLE VI 


Sensitivity and Specificity of the Treadmill Stress Test in 
Nine Patients With Anteroseptal Plus Inferior Wall Infarction 
plac iata uds solatii n alt t cna bie. erase 


Treadmill No Additional Lateral Wall 
Stress Test Disease Disease 
Positive (no.) 1 6 
Negative (no.) 1 1 
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FIGURE 6. Lead V, changes during treadmill stress test in 28 patients 
with an anteroseptal myocardial infarction. S-T elevation in lead V4 (41) - 
is associated with little or no apical-anterior dysKinetic aneurysm 
(AP-ANT DYSK). N = number of patients; 0 = no S-T change; other 
abbreviations as in Figure 4. 
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Discussion 


Inferior versus anterior wall infarction: In the 
patients with electrocardiographic evidence of inferior 
walLinfarction, the ventriculogram revealed contraction 
abnormalities predominantly limited to the inferior and 
apical regions of the heart. This relation was previously 
reported by Miller et al.!? and others.!! The right cor- 
onary or left circumflex artery supplies the inferoapical 
segment of the heart, and this pattern would be ex- 
pected after occlusion of either vessel. The contraction 
abnormalities were less severe than in the patients with 
anteroseptal infarction; most patients had hypokinetic 
or akinetic segments, and few had dyskinetic aneu- 
rysms. 

The S-T response on treadmill stress testing in the 
group with inferior wall infarction showed a high degree 
of sensitivity (84 percent) and specificity (90 percent). 
These rates are comparable with the best results re- 
ported by others?455.1213 for stress testing in patients 
with or without previous myocardial damage. Thus, the 
treadmill stress test appears to be a valuable means of 
identifying further significant coronary artery disease 
in patients with a previous inferior infarction. 

In the patients with electrocardiographic evidence 
of anteroseptal infarction, the ventriculogram revealed 
severe contraction abnormalities that were primarily 
dyskinetic and localized to the apical and anterior walls. 
These changes corresponded to the distribution of the 
left anterior descending artery and the expected ab- 
normality produced by occlusion of this vessel. The 
extent and severity of contraction abnormalities was 
greater in the patients with anteroseptal infarction than 
in those with inferior infarcts, as previously reported.1° 
The S-T response on stress testing had a low degree of 
sensitivity in patients with anteroseptal infarction. This 
finding is consistent with a previous report by Kasser 
and Bruce! that the presence of a previous infarct re- 
duced the percent of positive S-T responses on treadmill 
testing. !4 

The patients with both an anteroseptal and an infe- 
rior infarction had evidence of contraction abnormali- 
ties in the anterior, apical and inferior walls. The S-T 
response on treadmill testing was useful in detecting 
lateral wall ischemia in this small group of patients but, 
because the group was small, no conclusions could be 
drawn. 

The difference in the sensitivity of the S- T response 
ofthe treadmill stress test in patients with an antero- 
septal wall infarction and in those with an inferior wall 
infarction was significant. This difference was probably 
related to both the size and the location of the left 
ventricular contraction abnormalities in the two con- 


ditions. In inferior infarction, the contraction abnor-* 


malities were located along the inferior or inferoapical 
region and were predominantly akinetic or hypokinetic. 
In this location these contraction abnormalities did not 
&ffect the ischemic S-T vector produced by the an- 
teroapical or lateral ischemic wall. 

Anteroapical dyskinetic aneurysms: effect on 
incidence of false negative tests: The group with 
anterior myocardial infarction had large anteroapical 
dyskinetic aneurysms. The incidence of false negative 
treadmill stress tests was greater in these patients than 
in the other groups. In our study and in those of oth- 
ers,!516 stress test-induced S-T elevation was associated 
with an anteroapical aneurysm. The S-T elevation 
generated by the aneurysm negated the S- T depression 
produced by exercise-induced subendocardial ischemia, 
resulting in an increased incidence of false negative 
treadmill stress tests in this group. 

Miller et al.!° reported that patients with an antero- 
septal infarct tended to have a large dyskinetic an- 
teroapical aneurysm when the resting electrocardiogram 
showed extension of Q waves to lead V4 or beyond.!? In 
our series, when the resting electrocardiogram showed 
Q waves to V, or beyond the incidence of false negative 
treadmill stress tests was much greater (70 percent) 
than when Q waves were present in only two precordial 
leads (31 percent); when zhere were Q waves in leads Vi 
to Vs, the percent of false negative stress tests was in- 
termediate (50 percent). These findings suggest that the 
resting electrocardiogram is useful in predicting which 
patients will be likely to have a false negative S-T re- 
sponse on stress testing. 

Clinical implications: Our results should be inter- 
preted with caution because of the highly selected group 
of patients studied. These patients were suspected of 
having additional coronary artery disease on clinical 
assessment, and the majority had multiple vessel dis- 
ease. This may explain the high degree of sensitivity of 
the S-T response on treadmill testing in the group with 
inferior wall infarction. In addition, the patients were 
selected on the basis of having significant Q waves in the 
resting electrocardiogram. Only 2 of 20 patients who had 
single vessel disease had a positive S- T response; for the 
purposes of this study both responses were classified as 
false positive. It was clinically apparent that these pa- 
tients had continued ischemia in a single area of myo- 


cardium around an infarcted zone and subsequently . 


underwent single vessel bypass surgery. Therefore, a 
positive treadmill stress test does not necessarily imply 
multiple vessel disease. The incidence of multiple vessel 
disease in patients with a previously documented in- 
farction without significant Q wave abnormalities re- 
mains to be determined. 
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To aid in the study of coronary artery disease, 57 patients with complete 
left bundle branch block underwent clinical evaluation, treadmill exercise 
testing and cardiac catheterization. The patients were classified into two 
groups according to coronary angiographic findings: 30 patients with 
significant stenosis (70 percent or greater luminal narrowing) of at least 
one major vessel and 27 with no significant coronary artery disease. There 
was no difference in age, presenting symptoms or previous medical 
treatment between the two groups. There were more men in the group 
with coronary artery disease. Exercise-induced S-T changes were similar 
in the two groups; the sensitivity and specificity of these changes for the 
diagnosis of coronary artery disease were unacceptable irrespective of 
the criterion chosen. With additional S-T depression of either 1 or 2 mm 
below the baseline value, the predictive accuracy was only 53 percent. 
Combined exertional chest pain and 1 mm S-T depression increased the 
predictive accuracy of exercise testing to 71 percent. These data indicate 
that exercise-induced electrocardiographic changes do not facilitate 
detection of coronary artery disease in patients with complete left bundle 
branch block. 


Exercise-induced electrocardiographic changes are the most widely 


recognized noninvasive indicators of myocardial ischemia. The specificity 


of the exercise electrocardiogram is dependent upon the normalcy of the 
resting electrocardiogram.!? By altering the pattern of ventricular ac- 
tivation and recovery, left bundle branch block produces major QRS and 
ST-T changes at rest and during exercise. Nonetheless, several authors?4 
have suggested that exertional ST-T changes can provide useful infor- 
mation on ischemia, particularly if more precise interpretative criteria 
are adopted.58 To assess the validity of this view we evaluated the results 
of stress testing, coronary angiography and left ventriculography in 57 
patients with left bundle branch block. 


Material and Methods 


Ninety-one patients with evidence of left bundle branch block in a resting 
electrocardiogram underwent a multistage treadmill exercise test at this insti- 
tution between July 1, 1971 and June 30, 1976. Of these patients, 57 were si- 
multaneously evaluated with coronary angiography and left ventriculography. 
The treadmill exercise test was performed according to a modified Bruce pro- 
tocol.’ A complete 12 lead electrocardiogram was recorded before and serially 
after exercise, and 6 precordial leads were monitored and recorded every minute 
during exercise. All patients were encouraged to exercise to the maximum of their 
physical capacity. Reasons for termination of the test included increasing chest 
pain, exhaustion, dyspnea, leg pain, arrhythmias, conduction disturbances and 
attainment of the predicted maximal heart rate. S-'T segment depression was 
measured by comparing it with the P-R segment, and the maximal deviation 


36 July 1978 The American Journal of CARDIOLOGY Volume 42 (rc 











TREADMILL TEST IN LEFT BUNDLE BRANCH BLOCK—ORZAN ET AL. 


uui 














ETT S 
"EU Es 
ii 111122 















hii FA A RR lf UU ERE A RE AAA HAEE ES E EEN 
A ET HEH HL BT CAI ARA GW EE EW RR AREE 
"p pd D D ELA A B E P" RU E SER RB ERI GE: ERR 
8 g^ WII RON UR DO DTI Du. 
ofl HA eh at, 4 wr we LL IL ALL UA 
ES ER EIER EET RR ER EE ERE B ER UH AAA T V OH AN ATE Lee NT RU 
RE A HT OR PNE EHR ER UR HO LR UO B CE RO REIR UA E BRA 





Hi 
RENE UNE MUEBLES RU 


B -EHHAHEHEEELELEEELEEEELINCALLAL tat tt Pre laces 1 eee 
HEEREEEEEHHHRHRESÁARHHEHAHEHERESERRS I HELL ee 
-H-HHEHHHHHEHEEEEHEHGELUUEOELUCHEHCR a pee 
SRE A Sh Se CISC TSS PS fe lol pe 

-HHHH HH FR PAT HER REESE 

FITTTEEELI PHT PLE bee eh edd TERE Eo Po ee 

@eS EAR ED TCC 

PCES ad i KCC CECI Se 
PELE ea SL. EEE A e H--4H3- 
ra LSETR | AL FEE CCEE EECCA tt 

FIGURE 1. Twelve lead electrocardiograms ol Leak lot be tL Le SR RSET DE VI pa el tl 

kis l INTY NIT] APEE Ae 

of a patient with coronary artery disease TITTA ELE ETICE EE EP ES IE ET EIES be ee b 
showing complete left bundle branch block. A, Tad PLL ELE Atti ARES E LK SARS SRES A rite pL bebe eg 
at rest. The order of the leads is as follows: Top PETETTELTIS TCO EOE e 
row. |. aVR, V4, Va; middle row, Il, aVL, V2, V Tt hs tt | ee SCE 
Ag debe. C 7 v2 "5 @ RERREERES SELL i ei i a a EI 
and bottom row, Ill, aVF, V3, Vs. B, 15 seconds UA LRL A ALTA SCOR GC a t et Ue 
after exercise showing additional S-T de- NA Von Sak ol -WTNMCOININVMAVIL LLLI IL 6 (RES fos AE LET 
, FHIITELTITTEL PECL Cee ee eee PEA] 
pression of more than 2 mm in leads V4 to FFHETTTELIEEUELLLETTS "EHFEEEREEULEEEDLLUM LLLLEL LEAL ETLI- 
HTILELTIILEE RCO EEC CCECET EEE EEC EEE CE ATA AEE 


Ve- 


in a precordial lead (generally V4, V5 or Vo) was used for 
purposes of analysis. The coronary angiograms were per- 
formed in multiple projections according to the Sones tech- 
nique, and a left ventricular angiogram was performed in the 
right anterior oblique projection, usually at the end of the 
study. The patient was considered to have significant coronary 
artery disease if 70 percent or more narrowing of the lumen 
of a major coronary artery was present. Left ventricular wall 
motion was qualitatively assessed in terms of normalcy. Seg- 
mental or diffuse abnormality of contraction, that is, hypo- 
kinesia, akinesia or dyskinesia, was recorded. 

Patient groups: The patients were classified into two 
groups according to results of the angiographic studies: group 
1 included 30 patients with significant coronary artery disease, 
and group 2 consisted of 27 patients who had no coronary ar- 
tery disease. Pertinent clinical information obtained for each 
patient included the presence of angina* or atypical chest 
pain, history of previous myocardial infarction, previous 
medical treatment (with special attention to digitalis and beta 
adrenergic blocking agents) and the presence cf other relevant 
cardiovascular conditions such as systemic hypertension or 
valvular heart disease. 


* Angina was considered typical if a mid chest, retrosternal dis- 
comfort or oppressive sensation with or without radiation to the neck 
or arms was brought on by exertion and relieved within 2 to 5 minutes 
with rest. 


In group 1 (significant coronary artery disease), 9 patients 
had single and 8 had double vessel disease; 11 had triple vessel 
disease, including 2 patients with significant obstruction of 
the main trunk of the left coronary artery. Left ventricular 
wall motion was normal in 6 patients; 17 patients had isolated 
segmental abnormality and 7 had diffuse abnormality with 
or without segmental abnormality. Left ventricular end-dia- 
stolic pressure was greater than 13 mm Hg in 12 patients. 

In group 2 (no significant coronary artery disease), 9 pa- 
tients were considered normal on the basis of overall hemo- 
dynamic and angiographic results; 12 had a possible cardio- 
myopathy, as judged from either mild segmental hypokinesia 
or mildly elevated left ventricular end-diastolic pressure of 
13 to 16 mm Hg; 6 had a definite myopathy, as judged from 
diffuse hypokinesia, segmental hypokinesia plus mildly ele- 
vated left ventricular end-diastolic pressure greater than 16 
mm Hg. 

There was no age difference between the two groups. Sex 
distribution in group 2 was equal, but men predominated in 
group 1 (24 of 30). Sixteen patients in group 1 described a 
clinical event that was diagnosed as myocardial infarction; 
none in group 2 had such an event (in two patients the clinical 
information was questionable). True angina was diagnosed 
twice as frequently in group 1 as in group 2 (66 versus 37 
percent), but in group 2 atypical chest pain wgs the presenting 
complaint in 11 patients (40 percent). None of the 57 patients, 
had a serum potassium level of less than 3.8 mEg/liter. ` 


pe D i July 1978 The American Journal of CARDIOLOGY Volume 42 37 


TREADMILL TEST IN LEFT BUNDLE BRANCH BLOCK—ORZAN ET AL. 


Results * 


Two mm S-T depression: With additional S-T 
segment depression of 2 mm below the resting level (Fig. 
1) adopted as the criterion for ischemia, 7 patients with 
coronary artery disease (group 1) had a positive exercise 
electrocardiogram; in 23 the electrocardiogram re- 
mained unchanged (“false negative" response). Among 
these 23, only 11 achieved a heart rate of 75 percent or 
greater of the maximal predicted value (in 6, the heart 
rate was more than 85 percent of the predicted maxi- 
mum). Of the remaining 12 patients, the test was dis- 
continued in 8 because of chest pain (without accom- 
panying ischemic changes in the electrocardiogram), in 
2 because of exhaustion, in 1 because of arrhythmia and 
in 1 because of transient complete atrioventricular 
block. Only 2 of these 12 patients were taking pro- 
pranolol, which could have kept them from reaching a 
faster heart rate. 

Among the 27 patients in group 2 (no coronary artery 
disease), the electrocardiograms exhibited ST-T 
changes indicative of ischemia (false positive response, 


* A table listing the detailed clinical, electrocardiographic and an- 
giographic data on individual patients is available on request from the 
authors. 
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Fig. 2) in 6 and remained negative in 21. Of the six pa- - 


tients with a false positive response, five attained 75 
percent or greater of the predicted maximal heart rate 
(four achieved 85 percent or greater); in the sixth pa- 
tient, who was being treated with propranolol, the test 
was stopped because of chest pain. Only one of these six 
patients was taking digitalis. 

1 mm S-T depression: When S-T depression of an 
additional 1 mm below the baseline value was used as 
the criterion for ischemia, 23 patients with coronary 
artery disease (group 1) had a positive response, but 7 
had a negative test (false negative response). Of the 
seven, only two achieved a heart rate of 75 percent or 
more of the predicted maximal value and had no pain; 
in three of the remaining five, the test was stopped be- 
cause of exertional chest pain. None of the seven was 
taking propranolol. When the same criterion was used 
in group 2, a total of 20 patients had a positive response 
(false positive). All 20 patients with a false positive re- 
sult had a heart rate of more than 75 percent of the 
maximal predicted rate, and 14 attained a heart rate of 
85 percent or more of the maximal predicted rate. Of the 
20 patients, 3 were taking digitalis. 

S-T elevation: In group 1, exertional S-T segment 
elevation was recorded in only one patient who had 
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significant stenosis of the main trunk of the left coro- 
nary artery. In four other patients, the resting S-T 
segment was depressed at rest; on exercise it became 
isoelectric. No S-T elevation, whether absolute or above 
the resting S-T segment level, was noted among patients 
in group 2. 

Chest pain: Thirteen patients in group 1 had chest 
pain during the treadmill test; only two of these, in- 
cluding one who was taking digitalis, manifested S-T 
depression of more than 2 mm below the resting level. 
Four of the 13 reached a heart rate 75 percent or greater 
of the predicted maximum (3 achieved 85 percent or 
greater). Of the 11 patients whose electrocardiogram 
remained unchanged although they experienced exer- 
tional chest pain, 5 had triple vessel coronary artery 
disease, 3 had two vessel disease and the remaining 3 
had single vessel disease. In seven patients in group 2, 
treadmill exercise was interrupted because of chest pain, 
but only one of the seven had S-T changes indicative of 
ischemia. 

Chest pain and 1 mm S-T depression: The combi- 
nation of exertional chest pain and additional 1 mm 
depression of the S-T segment as an indication of 
ischemia was also investigated. Of the 30 patients with 
coronary artery disease (group 1), only 10 had a positive 
response based on the combined criteria; 4 patients in 
group 2 had a false positive response. 

The method of calculation and the sensitivity, spec- 
ificity, predictive value and accuracy of the various 
criteria for the detection of coronary artery disease are 
listed in Table I. 


Discussion 


The clinical significance of left bundle branch block 
is not always clear. The etiology of this condition varies, 
and prognosis appears to correlate best with the pres- 
ence, type and extent of the underlying cardiac disease.® 
Because ischemic heart disease is a frequent cause of left 
bundle branch block, and angina (the diagnostic 
symptom) often presents in an atypical form in patients 
with coronary artery disease, normal subjects or patients 
with unrelated cardiac conditions, a simple and safe 
screening test is highly desirable. 

The noninvasive technique most widely used to 
diagnose ischemic heart disease necessitates interpre- 
tation of exercise-induced S-T changes demonstrated 
in the electrocardiogram. Repolarization is already 
abnormal in patients with left bundle branch block, and 
the exercise electrocardiogram generally is difficult to 
interpret.?:!° However, a few reports,» based on small 
groups of patients, suggest that adoption of more de- 
manding interpretative criteria (1.5 or 2 mm S-T de- 
pression) can provide reliable results. Cooksey et al.® 
believed that “the exercise electrocardiogram provides 
useful diagnostic information in patients with left 
bundle branch block"; unfortunately, only 5 of their 10 
patients underwent coronary angiographic evalua- 
tion. 

Exercise-induced S-T depression and left bundle 
branch block: In our study, the degree of S- T depres- 
sion induced by exercise was not useful in detecting 
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TABLE | 


Results (in percent) of Calculated Sensitivity, Specificity, 
Predictive Value and Accuracy in All 57 Patients* 


Sensi- Speci- Predictive 


tivity — ficity Value Accuracy 
2 mm additional S-T 23 78 54 49 
depression 
1 mm additional S-T TT 26 53 53 
depression 
Chest pain 43 74 65 58 
Chest pain + 1mm S-T 33 85 71 58 
depression 
S-T elevation (absolute 17 100 100 57 


or relative to 
resting level) 


OD rni — — 


*The formulas used to calculate statistical definitions are as fol- 
lows: 


True Positive 


Sensitivity = ———————————— —— ————À———— — X 1 
All Subjects With Coronary Artery Disease 
(True Positive + False Negative) 
Specificity — True Negative 


False Positive + True Negative 


True Positive 
Predicti | TP UNA E sacri tate CY E Un 
'eqonve vaio True Positive + False Positive 


True Positive + True Negative X 100. 


A z 
SONT All Subjects 


myocardial ischemia in patients with left bundle branch 
block. Our results are in agreement with the observa- 
tions of Whinnery et al.,!! who evaluated 31 asymp- 
tomatic air crewmen with left bundle branch block. 
Whether the criterion of an additional 2 mm S-T de- 
pression or 1 mm S-T depression is adopted, the overall 
accuracy of the exercise electrocardiogram remains 
unacceptable and does not appear to be dependent on 
the total number of vessels involved or the involvement 
of a particular vessel. A closer analysis of our patients 
who experienced exertional chest pain revealed that the 
symptom was rarely accompanied by positive S-T 
changes. This finding reemphasizes that such repolar- 
ization abnormalities are not necessarily an expression 
of ischemia and, conversely, that ischemia often fails to 
produce the expected electrocardiographic changes in 
the presence of left bundle branch block. Among the 26 
patients in group 1 (significant coronary artery disease 
on angiography) who initially presented with chest pain, 
13 (50 percent) had chest pain during the treadmill test 
without diagnostic S-T alterations, although 10 of the 
13 had two vessel or three vessel disease. Among the 21 
patients with no coronary artery disease (group 2) who 
were evaluated because of chest pain, 7 (33 percent) 
experienced chest pain during the test. These findings 
again indicate that either S-T segment change alone or 
exertional chest pain alone is unpredictable and unre- 
liable for detecting ischemia when left bundle branch 
block is present. In both groups, S-T depression was 
seen more often in the patients who achieved the faster 
heart rates on exercise. However, the lower level of ex- 
ercise and heart rate achieved by patients in group * 
demonstrates that the occurrence of exertional chest 
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pain limits the exertional capacity of patients with 
coronary artery disease. Elevation of the S-T segment 
during exercise, relative to the resting level, was en- 
countered only in patients in group 1. This criterion 
therefore appears to be specific to coronary artery dis- 
ease, but its sensitivity is too low to be clinically ac- 
ceptable. 

Repolarization abnormalities in left bundle 
branch block and ischemia: Feil and Brofman? pro- 
posed that in patients with left bundle branch block the 
electrocardiogram reflects the summation of the dextro- 
and levocardiogram, and that ischemia, primarily by 
causing alteration indicated in the levocardiogram, may 
produce S-T changes recognizable even in the presence 
of left bundle branch block.? Recent experimental 
Work!? revealed that in left bundle branck block not 
only is the left ventricle activated late, but also the 
spread of left ventricular wall depolarization changes 
from centrifugal (that is, endocardium to epicardium) 
to tangential. Spach and Barr!® studied the repolari- 
zation process in an artificially provoked right ven- 
tricular ectopic beat, a condition that closely reproduces 
the depolarization sequence of left bundle branch block. 
Their results indicate that the potential distribution of 
repolarization was influenced by gradients that occurred 


from one side of the heart to the other, rather than by - 


a gradient across the wall (that is, endocardium tó epi- 
cardium) as in regular beats. If this is also true in left 
bundle branch block, subepicardial and subendocardial 
ischemia may not produce the expected ST-T changes. 
Moreover, Abildskov!4 demonstrated that the sequence 
of excitation influences the recovery phase of the elec- 
trocardiogram through two different mechanisms: It 
changes the sequence of repolarization, and it affects 
local recovery properties of the myocardium, probably 
by way of electronic interaction. It is possible that be- 
cause of these altered recovery properties in the pres- 
ence of left bundle branch block, the response to 
tachycardia is not the “normal” absence of S-T de- 
pression, and superimposed ischemia may not produce 
the expected repolarization changes of S-T depres- 
sion. 

Implications: Until the interplay of these and pos- 
sibly other factors is better understood, exercise-in- 
duced S-T changes in patients with left bundle branch 
block will remain uninterpretable. Utilization of ra- 
dionuclide scanning techniques with thallium and 
similar agents during rest and exercise may in the future 
prove helpful in diagnosing myocardial ischemia in the 
presence of left bundle branch block. 
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Coronary arteriography was performed because of suspected coronary 
disease in 239 women less than 45 years of age. Normal coronary arteries 
were found in 112 women, and a further 23 had insignificant stenosis (less 
than 50 percent narrowing of luminal diameter). Of the remaining 104 
women, 56 had one vessel, 22 two vessel and 26 three vessel disease. 
Hyperlipidemia, hypertension, diabetes, smoking and a family history of 
coronary disease were significantly more frequent in women with sig- 
nificant stenosis than in women with normal arteries. Significant coronary 
disease was found in 55 percent (100 of 182) of women with more than 
two risk factors but in only 7 percent (4 of 57) of those with less than two 
risk factors (P «0.0001). Evaluation of symptoms and the resting elec- 
trocardiogram also discriminated between women with and without 
coronary disease, but exercise testing was of little value. Only 4 of the 
46 women with previous myocardial infarction had normal or near-normal 
coronary arteries. Among women with segmental wall motion abnor- 
malities on ventriculography, the site was anterior in 90 percent (19 of 
21) of women who used oral contraceptive drugs but in only 60 percent 
(21 of 35) of nonusers (P «0.05). However, in most respects, coronary 
artery disease in young women does not appear to differ from coronary 
disease in other patients. 


Several lines of evidence suggest that the characteristics of coronary 
artery disease in young women may differ from those in other patients. 
Older surveys? of hospitalized patients highlighted the rarity of 
symptomatic coronary artery disease in young women. The hormonal 
balance of premenopausal women is considered to offer partial protection 
against the development of coronary atherosclerosis. This concept is 
supported by autopsy studies* demonstrating more advanced coronary 
atherosclerosis in women with previous oophorectomy than in control 
women. 

On the other hand, angiographically normal coronary arteries have 
been reported, usually in young women, in association with angina, 
ischemic electrocardiographic abnormalities and myocardial lactate 
production.5-8 Myocardial infarction has been carefully documented 
in young patients who subsequently had normal coronary arteriograms 
but manifested ventriculographic contraction abnormalities corre- 
sponding to the electrocardiographic site of infarction.?-!? Of the several 
suggested explanations of this phenomenon,!* thrombosis in situ seems 
the most plausible. 

After the introduction of oral contraceptive agents, many reports!4-1? 
suggested a relation between these agents and myocardial infarction. 
Recent controlled studies demonstrated that use of these agents was 
significantly greater among both survivors?? and nonsurvivors?! of 
myocardial infarction than among women without infarction. Coronary 
arteriograms in these women may be normal??-?* but usually reveal- 
isolated complete occlusion of the proximal left anterior descending 
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coronary artery.?? Because oral contraceptive drugs can 
increase coagulability,?6 these women have often been 
thought to have thrombotic coronary obstruction. 

Because these data suggest that the etiology and 
pathogenesis of coronary artery disease in young women 
may differ from those in other patient groups, we ex- 
amined the clinical and angiographic features of women 
less than 45 years of age who recently underwent coro- 
nary and left ventricular angiography at our institution 
for suspected coronary artery disease. 

Young women with chest pain represent a frequent 
diagnostic problem in clinical practice, and the small 
proportion of these patients eventually requiring di- 
agnostic coronary arteriography may account for an 
important part of the work load of some catheterization 
laboratories. If noninvasive procedures could accurately 
predict which of these patients were likely to have 
normal coronary arteries, an invasive study might be- 
come unnecessary for many. Therefore, a secondary 
purpose of this study was to determine which factors 
were predictive of normal coronary arteries in this 
population of young women referred for coronary ar- 
teriography. 


Material and Methods 


Patients: Between 1972 and 1976, a total of 7 ,966 cardiac 
catheterizations were performed at our institution. Two 
hundred thirty-nine women (3.0 percent of the patients 
undergoing this procedure) met the following criteria and 
constitute the study population: (1) They were less than 45 
years old at the time of angiography, (2) they were studied to 
determine the presence or severity of coronary arterial ob- 
structive disease, (3) they had no coexistent valvular, con- 
genital or other type of heart disease, and (4) their coronary 
and left ventricular angiograms were complete and adequate 
for definitive interpretation. 

Risk factor analysis: On admission to the hospital for 
coronary arteriography, each patient underwent a careful 
investigation of risk factors. She was questioned concerning 
family history of coronary artery disease and the use of ciga- 
rettes and oral contraceptive drugs in relation to the onset of 
symptoms. Diabetes mellitus was considered present if she 
was already being treated for this condition or if the fasting 
blood sugar level, measured in all patients during hospitali- 
zation, exceeded 140 mg/100 ml. Similarly, hypertension was 
diagnosed if the patient was already receiving antihyperten- 
sive drugs or if the blood pressure on admission was greater 
than 145/90 mm Hg. Serum cholesterol and triglyceride levels 
were measured in all patients after a 12 hour fast; if either was 
elevated, hyperlipidemia was diagnosed. Height and body 
weight were measured in all patients just before cardiac 
catheterization, and obesity was considered present if body 
weight for height and age exceeded the normal limits for 
women according to the Metropolitan Life Insurance Com- 
pany tables.?7 

The presence or absence of each risk factor could not be 
definitely determined in all patients. Twelve women had in- 
adequate knowledge of their family history regarding coronary 
disease, and data regarding cigarette usage were omitted from 
the records of 21 patients. In 14 normal women and 11 with 
significant coronary disease, the relation between the onset 
of symptoms ahd oral contraceptive usage could not be clar- 
ified, usually because the symptoms were ill defined or of long 
duration. In four women the diagnosis of diabetes could nei- 


ther be documented nor eliminated with certainty; similarly,’ 
the possibility of hypertension could not be clarified in three. 
The presence or absence of hyperlipidemia could not be as- 
certained in 30 normal women and 10 with significant coro- 
nary disease, in some because they had normal serum lipid 
levels while receiving lipid-lowering drugs or diet. 

Although the postmenopausal state is considered to 
predispose to coronary disease,* we were unable to evaluate 
this factor accurately because many of the women had pre- 
viously undergone major gynecologic surgery but were un- 
certain if bilateral oophorectomy had been performed. The 
prevalence of hysterectomy, oophorectomy and ovarian cys- 
tectomy did not differ between women with coronary artery 
disease and those with normal arteries. 

Exercise testing: On the day before cardiac catheterization 
the attending physician recorded whether he believed the 
patient's symptoms, nearly always including chest pain, were 
caused by coronary artery disease. All women had a resting 
electrocardiogram that was interpreted according to the cri- 
teria of the Minnesota code.?929 The final 140 of the 239 
women in the study underwent exercise testing, except for 16 
who were thought to have unstable angina. All exercise tests 
were performed in a similar fashion on a motor-driven 
treadmill according to a standard Bruce protocol.30 Incapac- 
itating dyspnea, chest pain, fatigue, important arrhythmias, 
development of more than 3 mm of flat S-T segment depres- 
sion or attainment of maximal predicted heart rate for age 
were end points. In all patients the CM; electrocardiographic 
lead was monitored. Criteria for a positive exercise electro- 
cardiogram were the development of 1 mm flat S-T segment 
depression or an upsloping S-T segment depressed 2 mm or 
more 0.08 second after the J point. 

Coronary arteriography: Coronary and left ventricular 
angiography were performed according to previously de- 
scribed standard techniques.3132 All angiograms were inter- 
preted by an experienced cardiovascular radiologist without 
knowledge of the clinical status of the patient. Coronary ste- 
nosis was considered significant if the luminal diameter of the 
vessel was reduced by 50 percent or more. In counting the 
number of arteries with significant stenosis, narrowing of 
marginal branches was considered to reflect disease of the left 
circumflex artery and stenosis in diagonal branches a reflec- 
tion of left anterior descending artery disease. 

Regional contraction abnormalities evident on ventricu- 
lography were described in standard qualitative terms.33 
Previous myocardial infarction was diagnosed when left 
ventriculography revealed a localized ventricular contraction 
abnormality graded as akinesia or dyskinesia. Because pa- 
tients with coexistent valvular or other types of heart disease 
were excluded from study, these contraction abnormalities 
were assumed to be a result of previous myocardial infarction. 
Segmental wall motion abnormalities graded as hypokinesia 
were also considered evidence of prior myocardial infarction 
if the electrocardiogram met the Minnesota code criteria29.29 
for previous infarction or if the patient had had a clinically 
documented infarction. 

Statistical methods: Data for all patients were coded and 
stored on a CDC-Cyber 173 computer. Statistical analyses 
were performed using the Statistical Package for the Social 
Sciences Program. A chi-square analysis was used to deter- 
mine the statistical significance of differences in the preva- 
lence rates of risk factors among groups. Patients whose risk 
factors were unknown were omitted from this statistical 
analysis because they appeared to be randomly divided among 
groups and constituted only a small percent of the total pa- 
tient population. A multivariate analysis of risk factors and 
other clinical and angiographic features was performed to 
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TABLE [ 
Distribution of Angiographic Abnormalities 
Distribution of Coronary 
Patients Age (yr) Arterial Lesions (96) SWMA MI 
(no.) Mean + 1 SD Range LAD LCx RCA  LMCA no. % no. % 
Normal coronary arteries 112 38.9 + 5.0 20-40 — — — — 3 3 3 3 
Stenosis «5096 23 39.4 + 4.3 31-44 61 26 57 0 2 9 1 4 
1 Vessel disease 56 38.5 + 4.6 27-44 68 11 18 4 23 41 18 32 
2 Vessel disease 22 39.9 + 3.9 31-44 82 32 77 9 14 64 10 45 
3 Vessel disease 26 41.0 + 3.2 31-44 100 92 100 18 18 69 14 54 
All patients 239 39.2 + 4.6 20-44 79 36 51 8 60 25 46 19 


LAD = left anterior descending coronary artery; LOx = left circumflex coronary artery; LMCA = left main coronary artery; MI = myocardial infarction; 
RCA = right coronary artery; SD = standard deviation; SWMA = segmental wall motion abnormality. 


differentiate between dependent and independent variables. 
Fisher’s exact test was applied when appropriate. Intergroup 
differences of continuous variables, such as age, were tested 
for statistical significance using the F test. 


Results 


Of the 239 women qualifying for the study, 112 had 
normal coronary arteriograms and a further 23 women 
had coronary irregularities but no arterial stenosis ex- 
ceeding 50 percent. Of the remaining 104 women, 56 had 
significant one vessel disease, 22 had two vessel disease 
and 26 three vessel disease; no statistically significant 
differences in age were found among these groups 
(Table I). Only two women with coronary disease and 
six with normal arteriograms were less than 30 years old. 
The mean age (+1 standard deviation) for all women 
was 39.2 + 4.6 years. Among women with one vessel 
disease, the left anterior descending coronary artery was 
the most frequently involved (68 percent versus 18 
percent and 11 percent for the right coronary artery and 
the left circumflex coronary artery, respectively (P 
<0.001). Segmental wall motion abnormalities occurred 
in 32 percent of the women with one vessel disease and 
67 percent of those with multivessel disease (P 
<0.02). 

Risk factors: Figure 1 compares the prevalence of 


which oral contraceptive usage significantly correlated 
with the presence of coronary disease. 

Isolated hypertriglyceridemia occurred in only 30.3 
percent (30 of 99) of women with hyperlipidemia; al- 
though it was more common in women with significant 
disease (20.4 percent) than in those with normal arteries 
(13.8 percent), this difference was not statistically sig- 
nificant. 
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. with normal coronary arteries (P «0.0005 for each fac- 


tor). A multivariate analysis confirmed that each of 
these factors was an independent predictor of coronary 
disease in this population. A family history of excessive 
coronary disease was also present significantly more 
often in the group with coronary disease (P «0.05), but 
the difference was less marked than for the preceding 
factors. No statistically significant difference was found 
between these two groups in the incidence of obesity or 
oral contraceptive usage, although 37 percent of women 
with coronary disease had used oral contraceptive 
agents compared with 277 percent of women with normal 
coronary arteries. A multivariate analysis revealed no 
subset of patients with a combination of risk factors in 
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FIGURE 1. Prevalence of risk factors in women with normal coronary 
arteries (black bars) and with luminal stenosis of 50 percent or more 
(hatched bars). The differences are statistically significant for diabetes, 
hypertension, hyperlipidemia, cigarette smoking (P «0.0005 for all) 
and for a strong family history of coronary disease (P <0.05) but not 
for oral contraceptive agents. N = absolute number of women with risk X 
factor. : 
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Hyperlipidemia occurred in 64 percent of women with 
single vessel disease and 91 percent of those with mul- 
tivessel disease (P «0.005). Similarly, hypertension was 
found in 29 percent of women with single vessel in- 
volvement and 55 percent of those with multivessel 
disease (P <0.02). In contrast, oral contraceptive usage 
was less frequent in women with three vessel disease (13 
percent) than in those with one and two vessel in- 
volvement (45 percent, P <0.01), and this difference was 
unrelated to age. Other risk factors did not vary signif- 
icantly with the extent of disease. 

Predictors of coronary disease: In addition to the 
value of these risk factors as predictors of coronary 
disease when taken individually, their combination 
correlated well with the presence of disease. Only 4 of 
the 57 women (7 percent) with less than two risk factors 
had significant coronary stenosis; 100 of the 182 (55 
percent) with two or more risk factors had coronary 
disease (P <0.0001). Thus, 100 of the 104 women (96 
percent) with significant coronary disease had two or 
more of the risk factors evaluated. 

The admitting physician’s opinion as to whether the 
patient’s symptoms, nearly always including chest pain, 
were typical of coronary artery disease was highly dis- 
criminatory: Symptoms were considered atypical in 63 
percent of those with normal arteries but in only 16 
percent of those with significant disease (P <0.0005). 
Forty-eight percent of women with one vessel disease 
had atypical symptoms compared with only 7 percent 
of women with multivessel disease (P <0.001). 

A normal resting electrocardiogram was found in 52 
percent of women with normal arteries but in only 28 
percent of those with significant stenosis (P <0.001). 
The final 140 women in the study underwent exercise 
testing on the day before coronary arteriography, except 
for 16 believed to have unstable angina. Eighteen of the 
69 women with normal arteries or lesions of less than 50 
percent had a positive test compared with 29 of the 55 
women with significant coronary disease (P <0.005). 
These high false positive (26 percent) and false negative 
(47 percent) rates suggest that exercise testing is of 
limited value in predicting the presence of significant 
coronary disease in this population. Multivariate 
analysis revealed no subgroup of patients in which ex- 
ercise testing was more useful than for the overall 
group. 

Myocardial infarction: The electrocardiograms of 
45 of the 239 women revealed “definite” or “probable” 
myocardial infarction according to Minnesota code 
criteria.2*29 On ventriculography a segmental con- 
traction abnormality was found in 60 women. In 21 
women the electrocardiogram and ventriculogram were 
discordant: In 18, ventriculography demonstrated a 
segmental contraction abnormality but the electrocar- 
diogram did not meet the criteria for myocardial in- 
farction; in the other 3, a normal ventriculogram was 
associated with electrocardiographic signs of infarction. 
For the purposes of this study myocardial infarction was 
defined solely on the basis of the ventriculogram if 
akinesia or dyskinesia was present (29 cases). Infarction 
was also diagnosed in 17 patients with hypokinesia; 13 
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of these met electrocardiographic criteria for infarction 
and the remaining 4 had a well documented clinical 
history of infarction. 

The incidence of myocardial infarction is compared 
with the extent of coronary artery disease in Table I. 
Thirty-two percent of the 56 women with one vessel 
involvement and 50 percent of the 48 women with 
multivessel disease had evidence of previous infarction 
(difference not significant). Three of the 112 women 
with angiographically normal arteries and 1 of the 23 
with less than 50 percent stenosis had ventriculographic 
evidence of infarction. All four of these women had 
previously been hospitalized with chest pain typical of 
myocardial infarction associated with confirmatory 
serum enzyme curves and evolutionary electrocardio- 
graphic abnormalities characteristic of transmural an- 
terior infarction. Only one of these women had taken 
oral contraceptive agents, but all four were cigarette 
smokers, two were obese and three had a strong family 
history of coronary artery disease. All had two or more 
risk factors. 

The mean age of the women with previous myocardial 
infarction did not differ from that of the entire group. 
Single or multivariate risk factor analysis within the 
group with significant coronary disease could not dis- 
tinguish between women with and without previous 
infarction. In particular, oral contraceptive usage was 
not more prevalent among women with infarction than 
among those without. 

Some differences in the prevalence of oral contra- 
ceptive usage are apparent when the site of myocardial 
infarction is considered. Forty-eight percent (16 of 33) 
of women with anterior infarction had taken oral con- 
traceptive agents compared with only 18 percent (2 of 
11) of those with inferior infarction. This difference is 
not statistically significant. However, 48 percent of 
women with anterior wall motion abnormalities (19 of 
40) had used oral contraceptive agents compared with 
only 28 percent (44 of 155) of those with a normal left 
ventriculogram (P «0.05) and 13 percent (2 of 16) of 
those with inferior wall motion abnormalities (P « 0.05). 
A multivariate analysis indicated that this difference 
was independent of other variables. The presence or 
absence of other risk factors did not correlate with either 
the site of infarction or wall motion abnormalities. 


Discussion 


This study describes the clinical and angiographic - 


features and analyzes the risk factors of a group of 
women less than 45 years of age referred for coronary 
arteriography because of suspected coronary disease. 
Those who were found to have coronary disease are not 
necessarily representative of all young women with overt 
coronary disease because women with minimal or 
atypical signs and symptoms and those who die soon 
after the onset of symptoms are likely to be underre- 
presented. Similarly, the women in our study with 
normal coronary arteries cannot be considered a normal 
control group because all were suspected of having 
coronary disease. 

Angiographic features: In slightly more than 50 


. 


T. 


A percent of the 104 women with significant coronary 


stenosis (50 percent or more narrowing of luminal di- 
ameter), only one vessel was involved; 25 percent had 
two vessel disease and 25 percent three vessel involve- 
ment; 8 percent had 50 percent or greater stenosis of the 
left main coronary artery. The left anterior descending 
coronary artery was the site of single vessel disease in 
most cases. 

These findings are similar to those reported by Welch 
et al.24 in 236 women less than 50 years of age with cor- 
onary disease. To our knowledge no other large angio- 
graphic series of young women has been reported. The 
prevalence of single vessel disease in both our group (54 
percent) and that of Welch et al. (43 percent) was 
greater than that in young men (36 percent)?? or in 
unselected patients (34 percent)?6 undergoing arteri- 
ography. This difference could be age-related because 
younger patients have less extensive disease; however, 
in our study women with multivessel disease were not 
significantly older than those with one vessel disease. 

The disproportionate involvement of the left anterior 
descending coronary artery in our series and that of 
Welch et al. has also been described in other patient 
populations.3536 However, the women in our study with 
insignificant coronary stenosis (less than 50 percent 
narrowing of luminal diameter) had equal involvement 
of the left anterior descending and right coronary ar- 
teries. This finding suggests that left anterior de- 
scending artery disease may predominate in patients 
undergoing angiography because it causes more im- 
pressive signs and symptoms, creating a bias in the se- 
lection process for angiography. We found localized 
ventricular contraction abnormalities in 41 percent of 
women with one vessel disease and in 66 percent of those 
with multivessel disease. This wide prevalence, partic- 
ularly in single vessel disease, may also be a result of bias 
in the referral process for coronary arteriography. 

Risk factors: Hyperlipidemia, hypertension and 
diabetes were at least twice as frequent in women with 
signifcant coronary artery disease as in those with 
normal arteries. Cigarette smoking and a strong family 
history of coronary disease also correlated significantly 
with coronary artery disease, but this relation was less 
impressive. Hypertension and hyperlipidemia were also 
significantly more prevalent in women with multivessel 
disease than in women with single vessel disease. Be- 
cause the presence of multiple risk factors undoubtedly 
influences the decision to refer patients for coronary 
arteriography, women in our study with normal arteries 
were probably much more likely to have these factors 
than would an unselected group of women this age. 
Therefore, comparing the prevalence of risk factors in 
women with and without coronary artery disease as in 
our study, probably underemphasizes the strong cor- 
relation between risk factors and coronary disease in 
this population. 

Previous authors2?1925 have recognized a high 
prevalence rate of risk factors in young women with 
myocardial infarction. However, risk factors have not 
been analyzed systematically in large groups of young 
women with angiographically documented coronary 
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artery disease. Welch et al.** found a relation between 
hypercholesterolemia and the presence of coronary 
artery disease in women less than 50 years of age, but 
their study did not analyze other risk factors. In 18 of 
21 young women (40 years or less) with coronary artery 
disease, Engel et al. found at least three of thé fol- 
lowing five risk factors: hypertension, hyperlipidemia, 
positive family history, diabetes and smoking. 

Predictors of coronary disease: Clinical features 
that reliably identify women with normal coronary ar- 
teries among young women with chest pain referred for 
coronary arteriography would be useful because normal 
coronary arteries are frequently encountered in this 
group. Risk factor analysis isolated a substantial 
subgroup of our study population in which coronary 
disease was rarely present: 57 of the 239 women in the 
study had less than two risk factors and only 7 percent 
of them had significant disease. We therefore conclude 
that diagnostic coronary arteriography is rarely neces- 
sary in women in this age group with less than two risk 
factors who are referred to our laboratory because of 
suspected coronary disease. 

The resting electrocardiogram and the nature of the 
patient’s chest pain were also helpful discriminators. 
Only 16 percent of women with significant coronary 
disease and only 7 percent of those with multivessel 
disease had atypical symptoms. Only 28 percent of those 
with coronary disease had a completely normal elec- 
trocardiogram. Although exercise testing may accu- 
rately predict the presence of significant coronary dis- 
ease in other patient populations, the high rate of false 
positive (26 percent) and false negative (47 percent) 
tests in our study indicates that its predictive value is 
severely limited in these young women. Even when 
subsets of patients were examined, whether grouped on 
the basis of symptoms, the resting electrocardiogram 
or number of risk factors, false positive and false nega- 
tive results were frequent. 

The clinical features predictive of coronary disease 
in our study will not necessarily be equally useful when 
applied to women seen in other centers or in clinical 
practice because the composition of such groups may 
vary a great deal from that of our population. 

Myocardial infarction and normal coronary ar- 
teries: The criteria for the diagnosis of myocardial in- 
farction used in this study are imprecise. Because pa- 
tients with valvular and other types of heart disease 
were specifically excluded from our series, localized 
akinesia or dyskinesia probably always indicated pre- 
vious infarction. Similarly, previous infarction probably 
occurred in women with segmental hypokinesia who 
met strict electrocardiographic criteria for infarction 
or had a well documented clinical history of infarction. 
However, our criteria probably underestimate the true 
prevalence of previous infarction because patients with 
this finding occasionally have an entirely normal ven- 
triculogram.38 Thus, 3 of the 45 women in our study with 
myocardial infarction by electrocardiographic criteria 
had a normal ventriculogram. In spite of these consid- 
erations, a third of the patients with single vessel disease , 
and half of those with multivessel disease had had a 


July 1978 The American Journal of CARDIOLOGY Volume 42 45 


vvrwiNAnT AnIEHY DISEASE IN YOUNG WOMEN—WATERS ET AL. 


previous myocardial infarction according to our criteria. 
On the other hand, only 4 of the 135 women with a 
normal or near-normal coronary arteriogram had had 
a previous infarction. 

Angiographically normal coronary arteries have been 
reported to occur occasionally in patients with prior well 
documented myocardial infarction.?-1? Most of these 
patients are young, and some are women taking oral 
contraceptive drugs.22-24 Most, but not all, exhibit a 
ventricular contraction abnormality corresponding to 
the electrocardiographic site of infarction. The exact 
incidence of normal coronary arteriograms after myo- 
cardial infarction is not known, but Kahn and Hay- 
wood"! reported this combination in 12 percent of their 
patients studied after infarction. Seventy-one of their 
78 patients were men, and all 9 with normal arterio- 
grams were young men. On this basis they recom- 
mended that all patients less than 50 years of age with 
a myocardial infarction should routinely undergo cor- 
onary arteriography to identify those with angio- 
graphically normal vessels. Only 4 of the 46 women in 
our study with a previous infarction had normal or 
near-normal coronary arteries. This small proportion 
suggests that in our group of young women with previ- 
ous infarction, routine coronary arteriography is not 
indicated to detect those with angiographically normal 
vessels. This conclusion might change if specific effec- 
tive therapy for this syndrome made a definitive diag- 
nosis necessary. 

Analysis of risk factors and other clinical findings 
revealed no features that distinguished women with 
normal arteriograms from the total group with previous 
infarction. Specifically, only one of the four in our series 
had taken oral contraceptive agents, but all four smoked 
cigarettes and had at least two risk factors. 

Myocardial infarction and oral contraceptive 
agents: Recent controlled studies have demonstrated 
an increased use of oral contraceptive agents by both 
survivors? and nonsurvivors?! of myocardial infarction. 
These agents appear to act synergistically with other 
risk factors. In our series the prevalence of oral contra- 
ceptive usage did not differ significantly between the 
group with significant coronary disease and those with 
normal vessels. Similarly, women with and without 
previous infarction, both in the total population and in 


the subgroup with significant stenosis, had similar rates 
of oral contraceptive usage. The lack of a significant 
correlation between these drugs and the presence of 
coronary disease in our study might have occurred be- 
cause our patients represent a biased population or 
because of the difficulty in accurately establishing 
previous contraceptive practices in some of our patients. 
In any case, other risk factors such as hyperlipidemia, 
hypertension and diabetes seem to be more closely as- 
sociated with coronary disease in this population. 

Isolated obstruction of the proximal left anterior 
descending coronary artery is usually found on arteri- 
ography in women with infarction related to the use of 
oral contraceptive agents.2° Among those with a normal 
arteriogram, the ventriculographic site of infarction is 
usually anterior.???^ In all young women undergoing 
arteriography, disease is much more frequent in the left 
anterior descending coronary artery than in other ves- 
sels, as observed in our study and that of Welch et al.34; 
therefore, the frequent anterior site of disease in women 
with infarction related to use of oral contraceptive 
agents should not be surprising. However, our study 
showed that oral contraceptive usage is significantly 
more frequent in women with anterior wall motion ab- 
normalities than in other groups, independent of other 
variables. We cannot satisfactorily explain this finding. 
If hypercoagulability?? induces thrombosis in situ and 
subsequent infarction in susceptible users of oral con- 
traceptive agents, perhaps local hemodynamic factors 
in the proximal left anterior descending coronary artery 
are more likely to induce turbulence and thrombosis 
there than at other sites. However, we found no char- 
acteristic type of angiographic lesion in users of oral 
contraceptive agents; many had multiple coronary 
stenoses and only one had angiographically normal 
vessels. Further studies are needed to clarify the 
pathogenesis of myocardial infarction in young women 
taking oral contraceptive drugs. 
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Nonobstructive Coronary Thrombosis in 
Sudden Cardiac Death 


RICHARD J. FRINK, MD, FACC Careful histologic studies were performed on the coronary arteries, 
JAMES O. TROWBRIDGE, MD myocardium and conduction system of the hearts of six men aged 32 to 
PIERCE A. ROONEY, Jr., MD 44 years who died suddenly with no history of heart disease. All six hearts 


demonstrated coronary atherosclerosis without evidence of complete 
obstruction or myocardial infarction. A nonobstructing mural coronary 
thrombus was found in all six hearts; in four, the thrombus was located 
in the left anterior descending coronary artery. Distal microthrombi were 
found in four hearts. 

In these six men, the terminal event, often a ventricular arrhythmia, may 
have been relatec to the mural coronary thrombus. Small fragments 
originating from such lesions can obstruct the microcirculation producing 
sudden lethal arrhythmias. Nonobstructing mural coronary thrombosis 
may be more prevalent and more significant than previously suspected 
and should be considered in cases of sudden cardiac death. 


Sacramento, California 


Approximately one third of the hearts in cases of sudden cardiac death 
exhibit acute coronary thrombosis,'? and about one fifth to one fourth 
of the thrombi are nonobstructive.?4 The terminal event in sudden 
cardiac death is commonly ventricular fibrillation. The presence of 
nonobstructing thrombi, particularly in the absence of other acute 
structural lesions in the heart or coronary arteries, suggests a relation 
between the arrhythmia and the coronary abnormality. 

The possibility that sudden cardiac death may be related to the 
presence of a nonobstructing thrombus, particularly to showers of mi- 
croemboli,?6 led us to study the postmortem angiograms and perform 
an extensive histologic examination of the hearts of six young men with 
no history of heart disease whose death was sudden and unexplained. 


Materials and Methods 


All hearts were obtained fresh, intact and unembalmed from the Sacramento 
County coroner's office. The basis for selection was the sudden unexplained 
death of a man less than 45 years of age with no history of heart disease. The E 
hearts, selected at random over a period of 2 years, represent six consecutive 


xc hearts submitted for this study. All six hearts had patent coronary arteries, and 
From the Department of Cardiovascular Research none had evidence of old or recent myocardial infarction. Eleven hearts were 
and the Department of Pathology, Mercy General used as controls: three human hearts from men aged 19 to 46 years who died 
Hospital, Sacramento, California, and the Division suddenly of noncoronary causes and eight pig hearts obtained fresh from a 
of Forensic Pathology, Sacramento County Cor- slaughterhouse. 
oner's Office. This study was supported in part by Gross study and postmortem angiography: After the hearts were weighed 
a grant from the Golden Empire Chapter, Sacra- and studied radiographically, each artery was injected with a barium gelatin mass 
mento, California, affiliate of the American Heart of a different color (Fig. 1A). The technique of injection and the consistency and 
Association. Manuscript received April 18, 1977; composition of the injection mass have previously been described.” The hearts 
rri en Ee ; x a February 14, 1978, were fixed in formalin, and the epicardial coronary arteries were dissected intact 

Address for reprints: Richard J. Frink, MD, from the external surface of the heart. These dissected arteries were subjected . 

Cardiovascular Research, Mercy General Hospital, to X-ray study, decalcified and then restudied radiographically (Fig. 1B). The 
40th and J Streets, Sacramento, California full length of each artery was cut into 2 to 3 mm cross sections and embedded 
95819. for histologic study. 
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FIGURE 1. Case 1. Postmortem angiogram 
demonstrating patent coronary arteries. A, 
slight irregularity of the left anterior de- 
scending branch (rectangle). B, close-up 
view of the rectangular area in A, demon- 
strating mild narrowing and irregularity of 
the lumen (solid white arrow). The proxi- 
mal and distal branches are also mildly 
narrowed at their origin (open arrows). 


Each heart was sliced in bread loaf fashion from the apex 
to the base, stopping approximately 2.5 cm below the apex of 
the interventricular septum. Multiple myocardial sections 
were taken for histologic study. The sinus and atrioventricular 
nodes were sectioned and embedded for histologic study. 
X-ray films were taken before sectioning to ensure patency 
of the nutrient arteries to the two nodes. 

Histologic preparation: A microscopic slide of each cor- 
onary section was prepared and stained with hematoxylin- 
eosin. Subserial sections were made whenever an attached 
thrombus was found (Fig. 2, A and B). These subserial sections 
encompassed the entire thrombus, including its proximal and 
distal portions. All subserial sections were stained alternately 
with hematoxylin-eosin and phosphotungstic acid-hema- 
toxylin. Planimetry was performed on each coronary cross 
section, including the subserial sections, to determine the 
degree of coronary arterial narrowing. The blood supply to the 
A-V node, His bundle and proximal bundle branches was 
traced microscopically.’ 


TABLE | 





The myocardial sections and the A- V nodal block sections 
were stained with hematoxylin-eosin, Masson’s trichrome, 
phosphotungstic acid-hematoxylin and Martius scarlet blue 
stain. All myocardial sections were thoroughly searched for 
microthrombi in the myocardial arteries and arterioles to 
obtain evidence of antemortem thrombosis (Fig. 2C). Platelet 
aggregates alone, without evidence of fibrin formation, were 
not considered sufficient evidence of antemortem thrombo- 
sis.? 


Results 


Coronary arterial findings: The postmortem 
findings in these six cases are shown in Table I. Five of 
the six hearts were slightly hypertrophied (400 g). A 
nonobstructing mural coronary thrombus (Fig. 2A) was 
found in all cases. The left anterior descending coronary 
artery was the most common site of the thrombus, and 
the attachment was usually more than 5 mm long. 


Postmortem Findings in Six Men With Nonobstructing Mural Coronary Thrombus 


Nonobstructing Thrombus 


Heart 
Case Age Weight 
no. (yr) (g) Site 

1 36 463 Mid 
LAD 

2 44 427 Prox 
LAD 

3 32 377 Mid 
LAD 

4 37 405 Prox 
RCA 

5 44 400 Dist 
LCx 

6 43 437 Mid 
LAD 


Stenosis Distal 
Length At Site Micro- (p 
(mm) (96) emboli  * 
12-15 58 Yes 
2 75 Yes 

8-12 96 Yes 

2-4 67 No 

8-12 68 No 

8-12 95 Yes 


Dist = distal; LAD = left anterior descending artery; LCx = left circumflex coronary artery; NT = nonobstructing thrombus; Prox = proximal; - 


RCA = right coronary artery. 


^- 
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Definite distal microthrombi were present in four cases. 
Control human and pig hearts had no evidence of 
nonobstructing coronary thrombi or distal micro- 
thrombi. 

Assessment of the degree of narrowing elsewhere in 
the coronary arteries revealed that a majority of the 
hearts had significant two vessel disease. The thrombus 
was found at the site of maximal narrowing of the af- 
fected artery in one half of the cases (Table II). It was 
located proximal to the first septal artery in two cases 
and proximal to the A-V nodal artery in two cases. 

Conduction system and myocardium: The micro- 
scopic blood supply to the conduction system appeared 
intact and followed the normal pattern in five of the six 
hearts.’ No microthrombi were found in the sinus node, 
A-V node or His bundle. There was no evidence of dis- 
ease or injury to the sinus or the A-V node. Examination 


of the myocardium and the peripheral Purkinje system 
revealed no evidence of acute infarction in any of the 
selected or control hearts. 


Discussion 


The patients in our study who died suddenly of car- 
diac causes had acute thrombi in their coronary arteries 
that did not completely obstruct the channel. These 
thrombi were firmly attached to the arterial wall and 
were of significant size (Table I). Their surfaces were 
irregular with many loosely attached fragments (Fig. 2, 
A and B). The degree of thrombotic organization 
suggests that these thrombi were present some time 
before death, in agreement with the findings of Baba et 
al.? 

All thrombi were superimposed on atherosclerotic 
lesions, but the thrombus was located at the site of 








< 


FIGURE 2. Case 1. Histologic sections. A, microscopic cross 
section of the affected arterial segment, demonstrating 
atherosclerotic narrowing with a nonobstructive thrombus 
attached at the luminal surface (black arrow). Note the ir- 
regular surface and loose fragments (white arrow). The 
black material in the lumen is the injection mass. B, close-up 
view of A, showing firm attachment of the organizing 
thrombus and irregular surface. C, arteriole distal to the 
thrombus, partially obstructed by fragments composed pri- 
marily of fibrin. (Hematoxylin-eosin X25 [A] and X110 [B]; 
and phosphotungstic acid hematoxylin X135 [C], all reduced 
by 41 percent.) ' 
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| \ greatest narrowing of the affected artery in only 50 


percent of cases (Table II). Acute thrombi do not nec- 
essarily develop at the site of maximal narrowing, and 
the degree of narrowing is not always 75 percent or 
greater. The presence of both loosely attached surface 
fragments and distal microthrombi in the distribution 
of the same artery suggest that such fragments may be 
embolic in nature during life. 

Studies in animals!0-!? and man? have shown that 
partial obstruction of the coronary circulation and mi- 
crothrombi can produce myocardial damage and death 
from arrhythmia. Most thrombi at the time of inception 
are nonobstructive and have a potential for producing 
microemboli. In our cases, the consistent presence of 
nonobstructive thrombi and the wide prevalence of 
microemboli in the hearts of patients who died sud- 
denly, as well as their absence in the control hearts and 
the otherwise negative postmortem findings suggest 
that such lesions may be an important factor in sudden 
cardiac death. In addition, our data establish the pres- 
ence of an unrecognized acute antemortem thrombotic 
process in patients who died suddenly. They indicate 
that nonobstructive coronary thrombus can play an 
important role in sudden cardiac death, particularly 


TABLE Il 


Maximal Degree of Coronary Narrowing in the Major 
Epicardial Coronary Arteries* 








Case Percent Stenosis 
no. LAD LCx RCA. 
1 58t 0 27 
2 78! 46 78 
3 96! 83 56 
4 77 80 81! 
5 51 75! 80 
6 96! 56 68 





* Assessed with planimetry. 

* Artery with nonobstructing thrombus. 

LAD = left anterior descending coronary artery; LCx = left circumflex 
coronary artery; RCA = right coronary artery. 


when the clot is accompanied by emboli to the remain- 
der of the coronary circulation. 
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To determine the influence of training and detraining on left ventricular 
dimensions, echocardiographic estimates of left ventricular indexes were 
undertaken in two groups of young healthy subjects. The training group 
consisted of eight competitive swimmers who were studied serially for 
9 weeks. Left ventricular end-diastolic dimension in this group increased 
from the pretraining value of 48.7 + 1.7 (mean + standard error) to 53 
+ 0.2 mm by the 1st week and to 52 + 1.7 mm by the 9th week of training 
(P «0.005). Left ventricular posterior wall thickness increased gradually 
from 9.4 + 0.4 to 10.1 + 0.4 mm by the end of the training period (P 
« 0.005). The estimated derived indexes (left ventricular end-diastolic 
volume index, mass and stroke volume) also increased significantly. 
However, changes in ejection fraction were insignificant. Maximal oxygen 
uptake (VO; max) increased from 52 + 3 to 60 + 3 ml/kg per min (P 
<0.005). The detraining group comprised six competitive runners who 
stopped training for 3 weeks. Left ventricular end-diastolic dimension in 
this group decreased progressively from the control value of 51.0 + 3 to 
46.3 + 2.3 mm (P <0.005) and posterior wall thickness from 10.7 + 0.3 
to 8.0 + 0.7 mm (P <0.005) by the end of the detraining period. Likewise, 
the estimated derived indexes were significantly lower in response to 
detraining. Detraining did not influence ejection fraction. VO; max de- 
creased from 62 + 2 to 57 + 2 ml/kg per min (P « 0.005). 

The results indicate that (1) exercise training-induced adaptive changes 


in left ventricular dimensions occur rapicly and mimic the pattern of 
chronic volume overload; and (2) modest degrees of exercise-induced 
left ventricular enlargement are reversible after cessation of training. 


Cardiovascular adaptations in trained athletes include cardiomegaly, 
resting bradycardia and increased cardiac output in response to maximal 
exercise. Electrocardiographic changes include evidence of first and 
second degree atrioventricular block, intraventricular conduction defects 
and right and left ventricular hypertrophy as well as repolarization 
changes.!-^ The mechanisms underlying these phenomena, described: 
in concert as manifestations of *athlete's heart,” are complex and appear 
to involve adaptive alterations in the myocardium, the peripheral cir- 
culation and the autonomic nervous system. Although recent studies 
utilizing echocardiography have confirmed the earlier observations of 
larger cardiac dimensions in well trained athletes than in normal sed- 
entary persons,?? little is known regarding the duration of exercise 
training required to induce cardiac enlargement in healthy young men 
or women. In addition, insufficient information is available concerning 
regression of exercise-induced cardiac hypertrophy after cessation of 
training. 

A rapid and progressive decrease in the heart weight of trained rats 
occurs after exercise is stopped.’ However, athletes exhibit persistent 
cardiac enlargement evident in chest X-ray films long after they have 
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N stopped training.5? The purpose of this study was to spite these precautions, it is still possible that measurements 


[4 


determine how rapidly left ventricular enlargement 
develops in response to strenuous exercise and how 
rapidly regression of left ventricular hypertrophy fol- 
lows cessation of training. In this study in which each 
subject served as his own control, cardiac dimensions 
were measured echocardiographically. Measurements 
of maximal oxygen consumption (VOs max) were uti- 
lized to evaluate the effect of training and detraining on 
each subject. 


Material and Methods 
Subjects 


Training group: This group consisted of eight members 
of the Saint Louis University swimming team, seven men and 
one woman aged 17 to 19 years, who volunteered to participate 
in this study. No subject was engaged in any regular exercise 
activity for 2 to 7 months before the beginning of training. All 
participants had a normal history, physical examination and 
resting electrocardiogram. The training program was designed 
to prepare the swimmers for competition and consisted of 2 
hour swimming sessions held 6 days a week for 9 weeks. Each 
subject swam a total distance of approximately 5,000 to 7,000 
yards during each session. The 9 week training period was 
completed by all but one subject who had to interrupt training 
for 2 weeks because of an upper respiratory tract infection. 

Detraining group: Six men, aged 18 to 22 years, who were 
members of the Washington University cross-country team, 
volunteered to stop training for a period of 3 weeks. They had 
all been training for at least 3 months. Each subject was run- 
ning 60 to 70 miles a week at a running speed of 8 to 10 miles/ 
hour. In general, the performance capacity of subjects in both 
the training and detraining groups was considered mediocre 
by national standards except for that of two members of the 
detraining group who were judged superior athletes. 


Echocardiographic Measurements 


Left ventricular dimensions and wall thickness were 
measured, and left ventricular end-diastolic volume, mass, 
stroke volume and ejection fraction were estimated in both 
groups before and serially during training or detraining. The 
measurements were made using an Ekoline 20A ultrasonic 
unit equipped with a 2.25 megahertz 10 cm focal length 
transducer and interfaced with a Cambridge multichannel 
strip chart recorder. The end-diastolic dimension was mea- 
sured as the distance between the endocardial surface of the 
left ventricular septum and the posterior wall endocardium 
at the peak of the R wave of a simultaneously recorded elec- 
trocardiogram.!? The end-systolic dimension was measured 
as the distance between the most inward excursion of the 


' septum and the endocardial surface of the posterior wall.!! 


The transducer was located between the second and the fourth 
left intercostal space and angulated to ensure simultaneous 
visualization of the left ventricular posterior wall and septum 
just below the mitral valve apparatus, that is, at the level of 
posterior chordae tendinae. All recordings were made with the 
subjects supine during held expiration, and care was taken to 
avoid an involuntary Valsalva maneuver. 

To ensure reproducibility and to minimize the inherent 
technical limitations in such measurements, the exact topo- 
graphic location of the transducer with respect to the inter- 


„ costal space and its distance from the left sternal border as 


well as the subject’s body position were noted during the initial 
examination, and the identical transducer location and body 
position were used for subsequent serial measurements. De- 


Se 


were affected by unavoidable minor differences in angulation 
of the transducer, but the influence was considered minimal 
and unlikely to obscure the interpretation of results. ‘Two 
measurements of left ventricular dimension and wall thickness 
were made 1 week apart during the control period. Because 
the values obtained were not significantly different, repro- 
ducibility did not appear to be a problem. Echocardiograms 
of good quality were obtained from all subjects. 

The end-diastolic and end-systolic volumes were calcu- 
lated as: V = 7/(2.4 + d) X d?, where V is volume and d.is in- 
ternal dimension. Using this equation, Teichholz et al.'* found 
that, in the absence of segmental wall motion disorders, the 
calculated “corrected” volume correlated well with the angi- 
ographically determined volume over a wide range of di- 
mensional values. In this respect, the estimated volume is 
independent of the assumption that the long axis of the ven- 
tricular cavity is twice as long as the equatorial axis. The 
stroke volume (SV) was calculated as the difference between 
the end-diastolic and end-systolic volumes. Ejection fraction 
(EF) was derived from the following equation: EF = SV/EDV, 
where SV = stroke volume and EDV = end-diastolic vol- 
ume. 

The left ventricular mass was calculated as follows: 


LV(C + M) V = 4/3« (Dd/2 + WTd)? x (2Dd/2 + WTd) 
LVMV = LV(C + M) V- LVCV 
LVM = LVMV Xx 1.05 


where LV(C + M) V = left ventricular cavity and muscle 
volume; Dd = left ventricular end-diastolic cavity dimension; 
W'Td = end-diastolic wall thickness; LVMV = left ventricular 
muscle volume; LVCV = left ventricular cavity volume; LVM 
= left ventricular mass in grams and 1.05 = specific gravity 
of heart muscle.!? Troy et al.!? found a close correlation be- 
tween the values for left ventricular mass obtained with the 
echocardiographic method and the conventional angiographic 
method. All the derived indexes were corrected for body sur- 
face area. 


Measurement of Maximal Oxygen Uptake 


The swimmers’ maximal oxygen uptake (VO2) was measured 
during exercise on a bicycle ergometer as previously described 
in detail.!4 During the maximal exercise test, oxygen uptake 
was measured continually with a Perkin-Elmer mass spec- 
trometer, model MGA-1100, interfaced with a PDP-12 com- 
puter for data analvsis. 

The maximal Os uptake of runners was measured during 
exercise on a motor-driven treadmill.!? Expired air was col- 
lected through breathing valves in Neoprene? meteorologic 
balloons. Gas fractions were analyzed with the mass spec- 
trometer, and gas volumes measured with the use of an 
American dry gas meter. Oxygen consumption was calculated » 
in the conventional fashion.!? " 

The “leveling off" criterion was used to establish that the 
subjects had attained maximal oxygen uptake. This method 
involves increasing the work intensity until an increase in work 
load does not result in a further increase in oxygen up- 
take.!4 


Results 
Response to Training 


Changes in left ventricular dimension and de- 
rived indexes: The directly measured left ventricular 
end-diastolic internal dimension increased rapidly, 


- 
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TABLE ! 


Echocardiographic Measurements and Maximal Oxygen Uptake in the Training Group (mean values + standard error) * 


Control 
Sedentary 

*/O5 max 

liters/min 3.67 + 0.26 3.92 + 0.28 

ml/kg per min 51.8+ 2.0 55.2 + 2.8* 
LVID (mm) 47.8 t 1.7 53.0 + 2.1* 
PWTp (mm) 94+0.4 95+0.3 
LVEDV (ml/m?) 57.4 + 4.0 73.3 + 6.1* 
LV mass (gx m^) 84.1 + 5.2 103.9 + 7.8: 
SVI (ml/m^) 36.3 + 2.6 48.2+ 4.3! 
EF 0.63 + 0.02 0.66 + 0.01 
HR (beats/min) 70.1 + 4. 72.443. 


* 


Training Period 
1 Week 3 Weeks 5 Neeks 9 Weeks 


3.97 + 0.197 4.02 + 0.21! 4.20 + 0.191 
57.3 + 2.8! 58.0 + 3.21 59.7 + 2.6* 
52.0 Stir” 51.0 + 1.9* 52.0 + 1.7* 
9.9 X 0.4 10.1 + 0.5* 10.1 + 0.4* 
70.2 + 4.2* 67.5 + 5.1* 69.7 + 4.4* 
105.7 + 6.8% 105.2 + 7* 108.8 + 5.5* 
46.8 + 2.2! 43.5 t 2.91 43.1 + 2.9* 
0.67 + 0.02 0.65 + 0.02 0.62 + 0.02 
64.9 + 3. 63.0 + 4.2 62.6 + 5.6 


*, t, + Probability (P) values <0.005‘), <0.01 or «0.02(? (control versus training period). 
EF = ejection fraction; HR = heart rate; LV = left ventricular; LVEDV = left ventricular end-diastolic volume; LVID = left ventricular internal 
dimension; LV mass = left ventricular mass; PWTp = posterior wall thickness at end-diastole; SV! = stroke volume index; VOo max = maximal 


oxygen uptake. 


attaining the highest value after 1 week of training. No 
further significant change in this dimension occurred 
during the remainder of the training period (Table I, 
Fig. 1). The end-diastolic volume in each subject also 
increased significantly in response to 1 week of endur- 
ance training and remained elevated throughout the 
training period (Table I). 

In contrast to the changes in left ventricular dimen- 
sions that occurred early during endurance training, no 
significant increase in measured left ventricular pos- 
terior wall thickness was seen until the 5th week of 
training (‘Table I). Estimated left ventricular mass was 
significantly increased after the 1st week of training. 
Resting stroke volume index was highest after 1 week 
of training and remained elevated throughout the 
training period. These changes were statistically sig- 
nificant. In contrast to the rise in stroke volume index, 
ejection fraction was not significantly altered by en- 
durance training. Heart rate was insignificantly lower 
when compared with values before training (Table I). 

Maximal oxygen uptake (VO, max): This value 
was increased by an average of 7 percent with 1 week of 
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FIGURE 1. Serial changes in left ventricular end-diastolic dimensions 
in response to training and detraining. Bars and vertical slashes indicate 
mean + standard error.* Probability (P) «0.005 (control versus training 
'and detraining period). Wk. — week. 
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training and continued to increase to 15 percent by the 
9th week (Fig. 2, Table I). Values attained after the 3rd, 
oth and 9th weeks of training were significantly higher 
than the pretraining values. The average increase in 
VO» max was parallel with the average increase in left 
ventricular mass (Fig. 2). No significant change in body 
weight occurred (71 + 3.3 kg before training versus 71 
i 3.6 kg in the 9th week of training). 


Changes After Cessation of Training 


Alterations in left ventricular dimensions: Left 
ventricular internal dimension at end-diastole de- 
creased progressively during the 3 week detraining pe- 
riod (Fig. 1). This decrease became apparent after 4 days 
of rest and was most marked at the end of the detraining 
period (3rd week) (Table II). Left ventricular volume 
decreased by approximately 10 percent over the 3 weeks 
of detraining. Left ventricular posterior wall thickness 
decreased significantly with detraining. Compared with 
the control value, estimated left ventricular mass in the 
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FIGURE 2. Sequential percent changes in maximal oxygen uptake (VO; ` 


max) and left ventricular (LV) mass during the 9 weeks of intense 
physical training. 
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Echoéardiographic Data and Maximal Oxygen Uptake in the Detraining Group (mean values + standard error) 


Control 
Running 
VO». max 
liters/min 4.27 + 0.28 Pics 
ml/kg per min 62.3 + 2.4 A 
LVID (mm) 51.0 + 3.0 50.0 + 3.1 4 
PWTp (mm) 10.7 + 0.3 10.0+0.3 
LVEDV (ml/m? 64.5 5.4 64.1 t 6.6 6 
LV mass (g/m ) 109.5 + 6.4 109.6 + 8.4 9 
SVI (ml/m^) 43.8 + 3.9 42.1 + 4.6 4 
EF 0.68 + 0.03 0.65 + 0.03 0 
HR (beats/min) 57.3 €:6.1 54.6 + 4. 
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Detraining Period 
2nd Day 4th Day T Week 2 Weeks 3 Weeks 


4.08 + 0.35! 4.00 + 0.33! 3.96 + 0.28* 

56.4 + 2.6! 57.2 + 1.8! 56.7 + 1.9" 
2.6! 47.0 + 2.6* 46.8 + 2.3* 46.3 + 2.3* 
0.47 9.0 + 0.4 8:2 £0.77 8.0 + 0.7* 
4.9* 986.7 4: 5:2" 55.2 + 4.4* 53.8 + 4.4* 
5.3* 80.23 + 5.5* 70.2 + 8* 67.13 €1-8.1* 
2.5 40.0 + 3.5 36.1 + 2.9* 33.9 + 2.6” 
0.03 0.69 + 0.02 0.66 + 0.02 0.63 + 0.02 
3.2 54.2 + 3.6 61.2+6.5 63.8 + 7.3 


* t, t Probability (P) values <0.005"), <0.01' or <0.02 (control versus detraining period). 
EF = ejection fraction; HR = heart rate; LV = left ventricular; LVEDV = left ventricular end-diastolic volume; LVID = left ventricular internal 
dimension; PWTp = posterior wall thickness at end-diastole; SVI = stroke volume index; VO»; max = maximal oxygen consumption. 


test period was significantly reduced (Table II, Fig. 3). 
A significant decrease in stroke volume index was no- 
ticeable after 2 weeks of detraining, but ejection fraction 
did not change significantly. Heart rate increased pro- 
gressively but insignificantly (Table II). 

Maximal oxygen uptake (VO2 max): This value 
decreased significantly by an average of 11 percent after 
1 week of detraining and remained virtually unchanged 
for the next 2 weeks (Table II). The subjects’ body 
weight increased insignificantly during the entire de- 
training period (69 + 5 kg before training compared with 
70 + 5 kg in the 3rd week). 


Discussion 


Effects of physical training: Cardiac enlargement 
in athletes trained for endurance has been recognized 
for many years and confirmed in recent ultrasonic 
studies.^9 Inherent technical limitations in echocardi- 
ographic assessment of left ventricular dimension, 
volume and mass are well recognized. The potential 
difficulties, especially in longitudinal studies requiring 
serial measurements, include variations in body posi- 
tion, the effect of respiration, and differences in trans- 
ducer location and direction of the ultrasonic beam. To 
minimize some of these difficulties in our study, the 
subject’s body position and the transducer location were 
similar during each recording, and all echocardiographic 
examinations were carried out during held expiration. 
However, even under these strict conditions, minor 
variations in the direction of the ultrasonic beam are 
virtually unavoidable and can introduce error in the 
measured and derived indexes. In addition, changes in 
diastolic filling period can conceivably affect these 
measurements, although, this influence was considered 
unlikely because the changes in heart rate were insig- 
nificant. 

The results of this study in which each subject was 
used as his own control indicate that the anticipated 
increase in left ventricular internal dimension and its 
derived indexes occurs very rapidly in response to vig- 
orous physical training. Although the increasec values 
for left ventricular internal dimension and volume ex- 


4 


ceeded the upper limit of normal range in only two 
subjects, these values increased in every subject in re- 
sponse to training. Roeske et al. also noted enlarged 
dimensions beyond the upper limit of normal range in 
only 50 percent of the athletes tested. The magnitude 
of endurance training in our subjects was considerable, 
as evidenced by an average increase in maximal aerobic 
power of 15 percent. The increase in maximal oxygen 
uptake in response to endurance training is variable, 
and in most healthy sedentary persons ranges from 10 
to 20 percent.!4 

In contrast to the rapid increase in end-diastolic di- 
mension and volume, the changes in posterior wall 
thickness occurred gradually and became significant 
only late in the training period. Wyatt et al.!? reported 
significant increases in left ventricular wall thickness 
and mass in dogs that were exercised regularly for 12 
weeks. In dogs subjected to a chronic volume overload 
induced by a large arteriovenous fistula, end-diastolic 
volume increases initially and left ventricular wall 
thickness later. However, ejection fraction and mean 
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FIGURE 3. Sequential changes (mean + standard error) in left ven- 
tricular mass (LV Mass, g/m?) and left ventricular end-diastolic volume 
index (LVEDI, ml/m?) during the detraining period. 
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velocity of circumferential fiber shortening remain sistently smaller left ventricular dimension in the de. 


unchanged.17-18 The results of our study suggest that a 
similar response occurred in the training group. 
Effects of detraining: Data on regression of exer- 
cise-induced cardiac enlargement in athletes who stop 
training are not clear. Several studies have shown per- 
sistence of cardiac enlargement in the conventional 
chest roentgenograms of former athletes.99? However, 
rats exhibit a progressive reduction in heart weight after 
cessation of exercise.’ Our findings in athletes who 
volunteered to detrain for a period of 3 weeks suggest 
that modest degrees of left ventricular enlargement are 
reversible. All subjects avoided any vigorous physical 
activity for several hours before each echocardiographic 
examination. Thus, significant body fluid loss with re- 
sultant reduction in heart size known to occur after 
prolonged heavy exercise cannot account for the per- 


training group.!? Despite the reduction in end-diastolic 
volume, changes in ejection fraction were negligible, 
suggesting that mechanical performance of the left 
ventricle may not be affected significantly by decondi- 
tioning. 

Our results indicate that adaptive changes in left 
ventricular dimensions and wall thickness occur quickly 
in response to endurance training and regress rapidly 
after cessation of training. However, additional studies 
are needed to clarify the regression of massive cardiac 
hypertrophy in response to detraining. 
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Clinical angiographic studies have documented an association of left 
dominance of the coronary arteries with aortic stenosis and congenital 
bicuspid aortic valve. The postmortem arteriograms of 973 autopsy pa- 
tients were reviewed for pattern of coronary dominance and the hearts 
examined for the nature of any aortic valve disease. There were 673 hearts 
(70 percent) with a right dominant pattern, 198 (20 percent) with equal 
dominance and 102 (10 percent) with left dominance. Of 34 hearts with 
congenital bicuspid aortic valve, 10 (29 percent) had left dominance, a 
difference significant at the 0.005 level. Of 44 hearts with calcific aortic 
stenosis, an acquired valve lesion, 9 (20 percent) had left dominance. 
Rheumatic aortic valve disease (47 cases) and aortic regurgitation (27 
cases) had no apparent relation to the coronary arterial pattern. The re- 
sults confirm the association of left coronary arterial dominance with 
congenital bicuspid aortic valve. It is suggested that a left dominant cor- 
onary system may arise as a consequence of disproportionately decreased 
blood flow in the left heart chambers, one cause of which is aortic valve 
stenosis, during early cardiogenesis. 


A striking association between a left dominant coronary arterial system 
and isolated aortic stenosis or congenital bicuspid aortic valve in patients 
with and without coarctation of the aorta has been described.! The 
possible developmental implications of a relation between aortic valve 
malformations and coronary arterial distribution led us to examine the 
association in a large group of hearts studied at autopsy. 


Material and Methods 


Patients from the autopsy files of The Johns Hopkins Hospital were included 
in this study when (1) their heart had been examined after postmortem coronary 
arteriography and fixation in distention?; (2) the coronary arteriograms were 
adequate to assess the pattern of coronary distribution; and (3) a pathologic 
interpretation of any aortic valve lesions present had been made. 

At autopsy, the coronary arteries are injected with a barium-gelatin-pigmen 
mass to which formalin is added at pressures of 100 to 130 mm Hg rood 
cannulas tied into the coronary arteries. The heart is fixed in distention with 
formalin at a pressure of 30 to 40 cm water. Stereoscopic radiographs are pre- 
pared of the intact heart and of the multiple transverse sections into which it 
is cut. 

The pattern of coronary arterial dominance was determined from the post- 
mortem arteriograms (Fig. 1) using the same criteria applied in the clinical ar- 
teriographic study.! Left dominance was judged present when the posterior 
descending coronary artery and the posterior and lateral descending branches 
of the left ventricle arose from the left circumflex coronary artery. Right coronary 
arterial dominance was judged present when those vessels arose from the right 
coronary artery. Equal dominance was judged present when the posterior de- 
scending branch arose from the right coronary artery but did not extend beyond - | 
the posterior interventricular groove to give off descending branches to the left 
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FIGURE 1. Patterns of coronary arterial distribution in postmortem arteriograms. A, right dominance: The posterior descending coronary artery (arrow) 
and descending branches on the inferior wall of the left ventricle arise from the right coronary artery. B, equal dominance: The posterior descending 
artery (arrow) but no left ventricular branches arise from the right coronary artery. C, left dominance: The posterior descending artery (arrow) 


arises from the left circumflex coronary artery. 


ventricle. These latter vessels arose from the left circumflex 
coronary artery. 

Identification of the nature of aortic valve disease present 
was based on gross examination of the heart supplemented 
with histologic examination when necessary. The clinical 
records were reviewed in each patient with aortic valve lesions 
for information helpful in diagnosing the lesion. 

Patients were categorized according to the coronary arterial 
pattern and type of aortic valve lesion. Significant differences 
in the association of the two features in the various groups 
were sought using the chi-square test. 


Results 


The 973 patients who met the criteria for inclusion 
in the study are grouped according to coronary arterial 
pattern and type of aortic valve disease in Table I. The 
patients ranged in age from newborn to 95 years. In 
general, a patient’s heart was selected for study as de- 
scribed if there was known or suspected cardiovascular 


TABLE | 


or pulmonary disease. The series includes the majority 
of such patients subjected to autopsy at The Johns 
Hopkins Hospital since 1968. However, relatively few 
hearts of infants or children with congenital malfor- 
mations other than aortic atresia had coronary arteri- 
ograms because of the technical difficulty of performing 
the injection. 

Among the 973 patients, 673 (70 percent) had a pat- 
tern of right coronary arterial dominance, 198 (20 per- 
cent) had a pattern of equal dominance and 102 (10 
percent) had a left dominant pattern. The only highly 
significant association was that between congenital 
bicuspid aortic valve and left coronary arterial domi- 
nance. Data on the male/female distribution in each 
group (Table I) reveal a significantly greater number of 
male subjects with left dominance in association with 


congenital bicuspid aortic valve and with calcific aortic 


stenosis. 


“Coronary Arterial Dominance, Aortic Valve Disease and Male/Female Distribution in 973 Cases 


Aortic Valve Disease (no. and percent of cases and male/female ratio) 


Rheumatic Regurgi- 
Coronary Atresia Calcific Acrtic tant 
Arterial Aortic Bicuspid Aortic Valve Aortic Valve Aortic 
Dominance None Valve Congenital Acquired Stenosis Disease Valve Total 
Right 567 (70%), 6 (7496); 16 (47%); 8 (80%); 27 (62%); 29 (69%); 20 (74%); 673 (7096); 
352/215 5/1 15/1 6/2 20/7 16/14 14/6 427/246 
Equal 167 (21%); 1(13%); 8 (24%); 1 (10%); 8 (18%); 7 (17%); 6 (22%); 198 (20%); 
105/62 1/0 5/3 1/0 5/3 3/4 5/1 125/73 
Left 74 (9%); 1 (1396); 10* (29%); 1 (109€); 9 (20); 6 (1496); 1 (496); 102 (1096); 
49/25 1/0 8!/2 0/1 81/1 3/3 0/1 71/31 
Total 808 8 34 10 44 42 27 973 
506/302 7/1 28/6 7/3 33/11 20/22 19/8 623/350 


*, t, * = probability (P) value <0.005 (*), «0.02 (t) or «0.05 (1). 
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Discussion 


Our results show that left dominance of the coronary 
arterial system occurs with significantly greater fre- 
quency in patients with a congenital bicuspid aortic 
valve. This observation confirms the finding of Higgins 
and Wexler! who, in a clinical angiographic study of 
adult patients with isolated aortic stenosis and children 
with a bicuspid aortic valve, demonstrated an unusually 
high frequency of a left dominant coronary arterial 
system. 


Pathogenesis: The coronary arterial system estab- 
lishes its definitive connections with the root of the 
aorta after the semilunar valves have formed but before 
they reach their definitive shape.? In the formation of 
the coronary arterial tree, an epicardial plexus is es- 
tablished before connections with the aorta are devel- 
oped. Despite the significant statistical association 
between left dominance and bicuspid aortic valve, there 
is no absolute dependence between them because each 


occurs more frequently without the other. That they 
occur together with significant frequency suggests that 
some other condition predisposes to the formation of 
both. Coarctation of the aorta is also associated with 
congenital bicuspid aortic valve. Coarctation has heen 
interpreted as the residual flow divider of the ductus 
arteriosus, arising when pulmonary trunk flow greatly 
exceeds aortic flow in early development so that ductal 
blood flow branches upon entering the dorsal aorta.‘ 
Stenosis of the aortic valve is one possible cause of the 
flow imbalance thought to give rise to coarctation. An- 
other association of reduced aortic flow (with greater 
right heart flow) would be a small left ventricle and 
atrium. It is possible that disproportionate failure of 
enlargement of the left heart with greater expansion of 
the right heart chamber would permit greater growth 
of the coronary vascular plexus on the less rapidly ex- 
panding left side. Hence, both aortic coarctation and a 
left dominant coronary arterial system may be secon- 
dary to blood flow imbalance in early cardiogenesis. 
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Idiopathic hypertrophic subaortic stenosis was diagnosed in 68 patients. 
The diagnosis was confirmed in 24 patients with both cardiac catheter- 
ization and echocardiography, in 22 patients with catheterization alone 
and in 22 with echocardiography alone. Coexistent calcification of the 
mitral valve anulus was noted in nine patients (37 percent) studied with 
catheterization and echocardiography, in seven (32 percent) studied with 
catheterization alone and in seven (32 percent) studied with echocardi- 
ography alone. On echocardiography, mitral anular calcification was 
recognized as a dense thick linear echo behind the mitral valve that dis- 
appeared abruptly at the junction between the left ventricle and the left 
atrium. The patients with calcification of the mitral valve anulus were older 
(mean 64.5 years) than those without calcification (mean 47.6 years) 
(P «0.001). Of the patients who underwent cardiac catheterization, 12 
of 18 older than 55 years demonstrated mitral anular calcification as 
opposed to 4 of 28 younger than 55 years (P « 0.001). Of the patients 
studied with echocardiography, 7 of 14 older than 55 years demonstrated 
calcification compared with 0 of 8 younger than 55 years. 

This prevalence of mitral anular calcification was greater (P «0.001) 
than that found in age-matched control subjects without idiopathic hy- 
pertrophic subaortic stenosis undergoing catheterization and echocar- 
diography. Hemodynamic data, including left ventricular pressures and 
outflow gradients, clinical symptoms and the prevalence of coronary 
disease were similar in both groups. Calcification of the mitral valve anulus 
is a frequent finding in older patients with idiopathic hypertrophic subaortic 
stenosis. Its demonstration should raise the suspicion of associated id- 


` iopathic hypertrophic subaortic stenosis. 


Since the first clinical description of hypertrophic subaortic stenosis by 
Brock! in 1957, the disease has been widely recognized and studied. Both 
the clinical and hemodynamic findings have been extensively investi- 
gated.* The advent of echocardiography has made available a powerful 
tool for screening patients for abnormal systolic anterior motion of the 
mitral valve, asymmetric septal hypertrophy and left ventricular outflow 
tract observation,?-? and studies utilizing left ventricular angiography ' 
and echocardiography have helped to clarify the relation among these 
conditions. Both techniques have shown that patients may demonstrate 
either isolated asymmetric septal hypertrophy or asymmetric septal 
hypertrophy with systolic anterior motion and left ventricular outflow 
tract obstruction. In some instances, provocative maneuvers may evoke 
systolic anterior motion in patients without such motion at rest. 

During the past 7 years the observation that left ventricular outflow 
tract obstruction, with typical findings of systolic anterior motion and 
asymmetric septal hypertrophy, may coexist with heavy calcification 
of the mitral valve anulus has been made repeatedly in this laboratory. 
In this report we characterize the clinical, hemodynamic and echocar- 
diographic findings of this association. 
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NEL Methods 

The results of all cardiac catheterizations performed be- 
tween September 1969 and March 1977 were reviewed, and 
the records of 46 patients with a diagnosis of idiopathic hy- 
pertrophic subaortic stenosis were selected for further study. 
In each case, measurements were available of the left ven- 
tricular inflow tract pressure, obtained with a transseptal 
technique,!? and left ventricular outflow pressure, obtained 


with retrograde left heart catheterization. Measurements of 
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aortic and left ventricular inflow pressure were made during 
one or more of the following provocative maneuvers: (1) pre- 
and post-ventricular premature contraction; (2) Valsalva 
maneuver; (3) inhalation of amyl nitrite; and (4) intravenous 
infusion of isoproterenol. 

The hemodynamic diagnosis of idiopathic hypertrdphic 
subaortic stenosis was made in accordance with the criteria 
of Braunwald et al.? Demonstration of a pressure gradient 
between the left ventricular inflow and outflow tracts was 
accepted as evidence of this diagnosis. In 9 of the 46 patients 
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FIGURE 1. Echocardiographic scan from the left ventricle (left) to the left atrium (LA) (right). At left, the initial impression is that of hypertrophied 
posterior left ventricular wall. Only after adequate damping (center) is the mitral anular calcification (MAC) seen separated from the posterior wall. 
Ao = aorta; MV = mitral valve; SAM = systolic anterior motion of the mitral valve. 


‘ 
-* 
+ * J - hs 
"t we. 
* ‘ Em g 4 ' i 


e FIGURE 2. Echocardiogram of a patient with asymmetric septal hypertrophy and no left ventricular outflow obstruction. During cardiac catheterization, 
a gradient of 932 mm Hg was induced with isoproterenol infusion. There is mitral anular calcification (MAC) that can mimic mitral stenosis and give 
a false impression of small left ventricular size. PW — posterior wall; other abbreviations as in Figure 1. 
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FIGURE 3. A patient with idiopathic hypertrophic subaortic stenosis and heavy mitral anular calcification (MAC). The thickness of the calcified 


no gradient was evident at rest, but a gradient could be in- 
duced by one of the four provocative maneuvers mentioned. 
In the remaining 37 patients, provocative maneuvers were 
used to demonstrate the presence of hypertrophic obstruction 
rather than fixed subvalve obstruction. Catheter entrapment 
was excluded by noting persistence of the gradient to a point 
just before the mitral valve as the catheter was withdrawn 
from the left ventricle to the left atrium. 

Left ventricular angiography was performed in both left 
and right anterior oblique projections in the majority of pa- 
tients. The site and extent of intracardiac calcification were 
evaluated fluoroscopically. Echocardiography was introduced 
into this laboratory in June 1972. Subsequently, 24 of the 46 
patients with a diagnosis of idiopathic hypertrophic subaortic 
stenosis established at cardiac catheterization were also 


TABLE I 


studied with echocardiography. In an additional 22 patients 
who did not undergo catheterization, echocardiograms were 
obtained that were thought to be diagnostic of this entity. 
Echocardiograms were obtained using a commercially 
available apparatus (Ekoline 20A), and strip chart recordings 
(Honeywell, model 1856 strip chart recorder) of M mode 
displays were obtained. Asymmetric septal hypertrophy was 
diagnosed when the interventricular septum to posterior wall 
thickness ratio exceeded 1.3 and septal thickness exceeded 
15 mm. Idiopathic hypertrophic subaortic stenosis was diag- 
nosed when asymmetric septal hypertrophy coexisted with 
systolic anterior motion of the anterior mitral leaflet. 
Mitral anular calcification was recognized echocardi- 
ographically as a thick dense linear echo behind the mitral 
valve. On scanning from the left ventricle to the left atrium, 


Clinical, Angiographic and Hemodynamic Data in 16 Patients With Mitral Ring Calcification and Idiopathic Hypertrophic 


Subaortic Stenosis 





Hemodynamic Data 





LV Outflow LV Inflow Peak Aortic 
Systolic Systolic Systolic LV Diastolic Diastolic Stroke 
Case Age (yr) Pressure Pressure Gradient Pressure Pressure Heart Rate Volume 
no. & Sex (mm Hg) (mm Hg) (mm Hg) (mm Hg) (mm Hg) (beats/min) (cc/m?) r 
p. a 68 F 100 276 176 14 66 70 32 
2 62F 152 226 74 6 92 75 27 
3 63M 126 152 36 16 67 2 38 
4 72M 118 152 44 14 69 68 39 
5 65M 148 200 52 8 66 60 53 
6 71M 120 130 10 15 70 72 40 
7 64 F 151 151 0 37 74 66 56 
8 70F 176 280 104 19 68 76 37 
9 49 M 148 187 39 27 66 80 43 
10 T2 F 114 143 39 20 60 85 49 
11 53M 110 110 0 12 68 73 38 
12 49 M 130 221 91 20 85 60 45 
13 64 F 137 180 53 13 90 70 58 
14 65M 116 185 69 25 70 74 42 " 
15 Zor 104 238 134 25 52 68 28 
16 61M 150 210 60 16 70 54 57 
I 
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Nae dens echo stops abruptly at the junction of the two 
chamers.1?.14 


Two other groups of patients served as controls. The first 
comprised of 40 randomly selected patients who underwent 
cardiac catheterization for cardiac disease other than idio- 
pathic hypertrophic subaortic stenosis. The second zroup 
consisted of 40 patients who were studied in the echocardi- 
ographic laboratory for diseases other than idiopathic hy- 
pertrophic subaortic stenosis. Both groups were matched for 
age and sex with the corresponding patients with idiopathic 
hypertrophic subaortic stenosis. 

The statistical significance of results was determined using 
the chi-square analysis or two-tailed t tests for nonpaired 
data. 


Results 


Clinical and angiographic findings: The 46 pa- 
tients studied at cardiac catheterization demonstrated 
typical findings of idiopathic hypertrophic subaortic 
stenosis.? Sixteen of the 46 (35 percent) had fluoroscopic 
evidence of mitral anular calcification; their ages ranged 
from 51 to 78 years (mean 64.5) compared with a range 
of 17 to 50 years (mean 47.6) in patients without calci- 
fication (P <0.001). Mitral anular calcification was 
observed in 12 (66 percent) of 18 patients older than 55 
years but in only 4 of 28 (14 percent) of those less than 
55 years old (P <0.01). Hemodynamic, clinical and an- 
giographic data are summarized in Table I. No signifi- 
cant difference was noted in any of the measured values 
between the groups with and without anular calcifica- 
tion. Similarly, there were no differences between the 
two groups in clinical or angiographic findings or 
prevalence of coronary arterial stenosis (Table II). 

Anular calcification was found in only 2 of 40 patients 
(5 percent) who underwent cardiac catheterization for 
diseases other than idiopathic hypertrophic subaortic 
stenosis. This prevalence rate is significantly lower (P 
<0.001) than that in the group with idiopathic hyper- 


trophic subaortic stenosis. Because the control patients 
were age-matched with the patients with idiopathic 
hypertrophic subaortic stenosis, there was no difference 
in mean age between the two groups. 

Echocardiographic findings: The 24 patients who 
had idiopathic hypertrophic subaortic stenosis diag- 
nosed with catheterization and echocardiography had 
increased septal thickness (range 15 to 22 mm, mean 19 
mm), and the septal to free wall thickness ratio was 
greater than 1.3 in each instance. Abnormal systolic 
anterior motion of the anterior mitral leaflet was noted 
in 16 of the 24 and was induced by inhalation of amyl 
nitrite in an additional 2 patients. All nine patients in 
this group who had significant mitral anular calcifica- 
tion demonstrated with fluoroscopy had an additional 
echocardiographic finding of a thick dense linear echo 
behind the mitral valve. The motion of this linear echo 
was similar to that of the posterior left ventricular wall. 
When a scan from the left ventricle to the left atrium 
was performed, the dense echo disappeared abruptly 
at the atrioventricular (A-V) junction (Fig. 1 to 3). 

Of the 22 patients with idiopathic hypertrophic 
subaortic stenosis who were studied only with echo- 
cardiography, 7 (32 percent) had a thick dense echo 
suggestive of mitral anular calcification. Thus, an echo 
suggestive of anular calcification was noted in 16 of the 
46 patients (35 percent) with idiopathic hypertrophic 
subaortic stenosis who were studied with echocardiog- 
raphy (Fig. 4). Fluoroscopic confirmation was available 
in 9 of the 16 patients. This finding was present in 14 of 
28 patients older than 55 years (50 percent) and in 2 of 
18 patients younger than 55 years (11 percent). Review 
of the echocardiograms of 40 patients of matched age 
and sex, but without echocardiographic findings of 
asymmetric septal hypertrophy, revealed echoes sug- 
gestive of mitral anular calcification in only 2 patients 
(5 percent) (P «0.001) (Fig. 4). 





TABLE ! 
(continued) 
DU RT AEA a et | eer. ene Cee E ____ Angiographic Data —— — 
Asymptomatic Atypical Shortness Coronary Mitral 
Case no. Angina Murmur Chest Pains of Breath Syncope ECG Artery Disease Regurgitation 
1 T 0 0 T 0 LVH 0 Mild 
‘ 2 0 0 0 T 0 AF, NSST 0 Severe 

3 + 0 0 0 0 IWMI, NSST + 0 
4 t 0 0 + 0 LVH + 0 s” 
5 0 0 0 T + LVH T 0 
6 0 0 0 T 0 LVH T Moderate 
7 0 0 0 + 0 LVH + 0 
8 0 0 0 T 0 LVH 0 Moderate 
9 0 0 T + 0 LVH 0 0 

10 + 0 0 + 0 LVH 0 0 

11 T 0 0 0 T LVH 0 0 

12 0 + 0 0 0 LVH 0 

13 + 0 0 0 0 WNL 0 0 

14 0 0 0 + 0 LVH + Mild 

15 T 0 0 + 0 LVH T 0 

16 0 0 + + 0 WNL 0 0 





AF = atrial fibrillation; ECG = electrocardiogram; IWMI = inferior wall myocardial infarction; LV = left ventricular; LVH = left ventricular hypertrophy; 
NSST = nonspecific S-T changes; WNL = within normal limits; + = present; 0 = absent. 
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TABLE Il 


Clinical and Angiographic Findings in 46 Patients With 
idiopathic Hypertrophic Subaortic Stenosis 





Mitral Ring No Mitral Ring 
. Calcification Calcification 
(16 patients) (30 patients) 
Age (yr) 51-78 17-60 
(mean 64.5) (mean 47.6) 
Symptoms 
(no. of patients) 
' Atypical chest 2 5 
pains 
Syncope 2 4 
Angina 6 11 
Shortness of 12 13 
breath 
Asymptomatic 1 3 
murmur 
Angiographic 
findings 
(no. of patients) 
Mitral regurgitation 5 7 
Coronary artery 6 8 
disease * 
No coronary 9 18 


artery disease! 





* Defined as obstruction of 50 percent or more obstruction of luminal 
diameter in one or more major branches. 

t One patient with and four patients without mitral ring calcification 
did not undergo coronary angiography. 


Discussion 


Calcification of the mitral valve anulus is not an un- 
common pathologic and clinical finding in patients more 
than 65 years old. In young patients, it is associated with 
metabolic abnormalities, such as Marfans syndrome and 
Hurler’s syndrome, or defects in metabolism associated 
with hypercalcemia.!?16 Although calcification of the 
mitral anulus is usually asymptomatic, it may cause 
conduction disturbances and A-V block!” and predis- 
pose to bacterial endocarditis.'*:!9 Murmurs suggestive 
of mitral insufficiency or aortic stenosis, or both, are 


Cath 


A CONTROL—40 patients IHSS—46 patients 


28 pts 


"24 pts 






18 pts 18 pts 18 pts 
16 pts 
6 (33%) 
FEVERI 20 (91%) | 
24 (10096) 14 (88%) eter 18 (100%) 16 (89%) 
= “1 12 (67%) 
E 2 (12%) 00909 4 (14%) — osos Eee) 2 (9%) pomno 2 (11%) 


<55 ys 55 yrs <55 yrs 55 yrs 
L3 No Calcification 
Mitral Ring Calcitication 


audible in this condition. According to Roberts et all 
who studied the pathologic features of 90 patient§ with 
mitral anular calcification, mitral regurgitation is usu- 
ally mild and is due to the inability of the calcium-in- 
filtrated ring to diminish its diameter adequately during 
ventricular systole. An association between mitral an- 
ular calcification and conditions that cause left ven- 
tricular hypertension has been described. Ewy et al.2° 
observed a greater incidence of ring calcification in 
hypertension and aortic valve stenosis and described a 
case of idiopathic hypertrophic subaortic stenosis with 
mitral anular calcification. Roberts et al.!^ also noted 
an increased frequency of such calcification in patients 
with accelerated atherosclerosis and diabetes mellitus. 
The association between idiopathic hypertrophic sub- 
aortic stenosis and mitral anular calcification was 
mentioned in two abstracts,?!:22 one of them from our 
laboratory, a few years ago. 

Role of echocardiography in diagnosis: Fluoros- 
copy has been the procedure of choice for identifying 
calcification of the mitral valve anulus. Recently, 
echocardiography has also proved useful in detecting 
mitral anular calcification. Dense linear echoes just 
behind the mitral valve that disappear abruptly as one 
scans from the left ventricle to the left atrium are 
characteristic.!? Because these echoes move anteriorly 
during systole, they may be confused with the posterior 
wall of the left ventricle, and thus the space behind them 
may erroneously be considered an echo-free space 
caused by pericardial effusion. In other cases, mitral 
anular calcification may create a false impression of 
mitral stenosis,!^ mask the posterior leaflet of the mitral 
valve or interfere with the delineation of the posterior 
wall of the left ventricle. 

Association with hypertrophic subaortic stenosis: 
The role of echocardiography in the recognition of id- 
iopathic hypertrophic subaortic stenosis has been well 
established, and the echographic demonstration of 
asymmetric septal hypertrophy and systolic anterior 
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FIGURE 4. A, prevalence of mitral anular calcification according to age in 46 patients with idiopathic hypertrophic subaortic stenosis (IHSS) studied 


at cardiac catheterization (Cath) (right) and in 40 control patients (left). B 


; prevalence of mitral anular calcification according to age in 46 patients * 


with idiopathic hypertrophic subaortic stenosis studied with echocardiography (Echo) (right) and 40 control patients (left). Twenty-four of the patients 
with idiopathic hypertrophic subaortic stenosis also underwent cardiac catheterization, and their data are included in panel A. pts — patients. 
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po dt of the anterior mitral leaflet is considered de- 
fini 


e evidence of this condition. Our observations 
suggest that mitral anular calcification is commonly 
associated with asymmetric septal hypertrophy and 
idiopathic hypertrophic subaortic stenosis. The ma- 
jority of our patients older than 55 years with idiopathic 
hypertrophic subaortic stenosis also had mitral anular 
calcification. The etiologic significance of this finding 
is not clear. Our results do not indicate whether anular 
calcification is secondary to idiopathic hypertrophic 
subaortic stenosis or, conversely, whether anular cal- 
cification in older patients leads to mitral valve defor- 
mity with consequent outflow tract obstruction. Pro- 
spective observation of younger patients with mitral 
anular calcification should provide an answer to this 
question. The greater prevalence of anular calcification 
in the group with idiopathic hypertrophic subaortic 
stenosis compared with the control group does indicate 
that this association is more than a chance find:ng. 

Roberts et al.!? suggested that situations that increase 
the pressure of mitral valve closure appear to increase 
lipid deposition in the mitral ring and that subsequent 
breakdown of these deposits is responsible for calcifi- 
cation. The increased prevalence of mitral anular cal- 
cification in the older patients in our series may indicate 
that the duration of the elevation in left ventricular 
pressure plays a role in this process. Although this 
theory may be applied to some patients in our series, we 
also found severe calcification in some of our patients 
with asymmetric septal hypertrophy who had only slight 
outflow tract obstruction at rest and a normal left 
ventricular pressure. Possibly these patients have in- 
creased left ventricular pressure at other times under 
the influence of exercise, increased catecholamine se- 
cretion and other factors known to influence the left 
ventricular outflow tract obstruction in idiopathic hy- 
pertrophic subaortic stenosis. 


Clinical implications: Previously, murmurs in pa- 
tients with mitral anular calcification were thought to 
be caused by mitral regurgitation or aortic stenosis. Our 
data raise the possibility that asymmetric septal hy- 
pertrophy and idiopathic hypertrophic subaortic gte- 
nosis may be a causative factor in some of these patients. 
Echocardiography may permit more accurate diagnosis 
in such cases. However, mitral anular calcification may 
be a source of error in interpreting echocardiograms. In 
addition to possibly causing an incorrect diagnosis of 
pericardial effusion or mitral stenosis, mitral ring cal- 
cification may result in a false negative or false positive 
diagnosis of asymmetric septal hypertrophy. The former 
situation may occur when a very thick anular echo is 
interpreted as the posterior left ventricular wall in pa- 
tients with idiopathic hypertrophic subaortic stenosis 
(Fig. 1). This spurious thickening of the posterior wall 
would lead one away from the diagnosis of asymmetric 
septal hypertrophy. In addition, an erroneously low 
estimate of left ventricular cavity size would result from 
such an interpretation (Fig. 1 to 3). 

If symmetric left ventricular hypertrophy is present, 
incorrect identification of thin mitral anular calcifica- 
tion as the posterior left ventricular wall will yield an 
erroneous diagnosis of asymmetric septal hypertrophy. 
Occasionally, the echoes from the anular calcium are so 
strong that damping to delineate them may result in loss 
of other important echocardiographic structures. (Fig. 
3). Therefore, to avoid a host of interpretative errors, 
it is important to identify the abrupt discontinuation 
of mitral ring calcification when scanning toward the 
left atrium. | 
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A radioautographic method was adapted to assess regional blood flow 
in focal myocardial infarction produced experimentally in dogs with ligation 
of a branch of the left circumflex artery. Twenty-four hours later, the dogs 
were given an infusion of 1 millicurie of 14C-antipyrine and killed. Ra- 
dioautograms were prepared from 20 1 full thickness sections of the in- 
farcted segment of each left ventricle. Adjacent tissue sections were also 
prepared for histopathologic study and comparison. Photodensitometric 
scanning of radioautograms in transverse and transmural planes permitted 
quantification of regional blood flow, measurement of dimensions of the 
zones of blood flow reduction and construction of profiles of ischemic 
blood flow within a cubic reference system. Thus, transverse plane scans 
showed symmetric profiles of decreasing blood flow from each normal 
margin (mean + standard error of the mean 0.75 + 0.11 ml/g per min) 
to the center of the infarct (mean 0.08 + 0.02 ml/g per min or 11.7 + 3.5 
percent of normal flow); transmural plane scans showed an asymmetric 
profile of decreasing blood flow from the epicardium (mean 0.36 + 0.06 
ml/g per min) to the center of the infarct and a subsequent increase to 
0.22 + 0.03 ml/g per min near the endocardial surface. 

From a comparative analysis of radioautograms with corresponding 
adjacent histologic sections we determined that (1) myocardial necrosis 
was first evident at the point of blood flow reduction that averaged 45.2 
+ 3.2 percent of normal values; (2) a border zone of intermediate flow 
reduction where cell viability was maintained 24 hours after infarction 
averaged 4.5 + 0.5 mm and encompassed 30.4 + 3.0 percent of total 
ischemic zone width; and (3) on the basis of various geometric models, 
the size of the myocardial infarct in these experiments was approximately 
40 percent of that of the ischemic zone. 


In this study, we adopted the radioautographic method of Reivich et al.! 
to assess regional blood flow in experimental myocardial infarction.” The 
method provided a continuous graphic representation of the distribution 
of flow indicator that permitted both quantification of regional blood 


flow and characterization of the profiles of blood flow throughout the , 


ischemic area. By comparing flow measurements in the ischemic zore 
with those of adjacent histopathologic tissue sections, we could also study 
the influence of blood flow on myocardial necrosis. In addition, the 
method permitted estimation of infarct size in relation to the magnitude 
of the total zone of ischemic blood flow reduction. 


Methods 


Experimental procedure: Studies were performed in seven mongrel dogs, 
weighing 20 to 28 kg, anesthetized with 30 mg/kg body weight of pentobarbital 
given intravenously. After endotracheal intubation, positive pressure ventilation 
was maintained with a Bennett model PR-1 respirator using room air supple- 
mented with 40 percent oxygen. A left thoracotomy was performed, and the 
exposed heart was supported in a pericardial cradle. A single ventricular branch 
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of the left circumflex artery was carefully dissected free near 
its origin and ligated. Previous experience from this labora- 
tory? has demonstrated that this technique consistently 
produces a small well circumscribed myocardial infarction 1 
to 2 cm in diameter. A polyethylene catheter (P.E. 160) was 
implanted in the left atrium through its appendage and ex- 
teriorized through the posterior thorax. After these proce- 
dures, the pericardium and left thoracotomy were closed and 
the animals permitted to recover. 

Twenty-four hours later, each animal was lightly sedated 
with morphine sulfate, 15 mg intramuscularly. Under local 
anesthesia (Xylocaine®, 2 percent), a polyethylene catheter 
(P.E. 240) was inserted into the jugular vein and advanced to 
the right atrium, and a short polyethylene catheter was in- 
serted in the femoral artery. Each animal was given 1 milli- 
curie (mCi) of carbon-14-labeled antipyrine in saline solution 
(no. NEC-398, New England Nuclear Corporation, Boston, 
Massachusetts) in the form of a rapid constant rate infusion 
delivered directly into the left atrium over 60 seconds. Si- 
multaneously, serial blood samples were collected from the 
femoral artery to obtain an arterial concentration curve of the 
isotope. Immediately thereafter, the circulation was arrested 
with a bolus injection of potassium chloride delivered directly 
into the right atrium. The heart was rapidly excised and the 
area of myocardial infarction cut transversely into 5 mm 
sections and immediately frozen at —25? C. Subsequently, 20 





FIGURE 1. Radioautogram of a transmural section of left ventricular 
myocardium encompassing a region of focal ischemia (upper panel) 
and adjacent histopathologic tissue section stained with oil red O (lower 
panel). Ink dots on this figure indicate the line through which the extent 
of myocardial necrosis (Ml,) was estimated in the transverse plane and 
the direction of photodensitometric scanning through the corresponding 
radioautogram. A similar estimate was made in the transmural direction 
(Ml,g) at 90? to the transverse plane and through the center of the in- 
farcted zone. N — normal myocardium adjacent to ischemic zone. ENDO 
— endocardium; EPI — epicardium; MI — zone of myocardial infarc- 


tion. 
Pd 


u full thickness transmural sections of these areas were a 


a cold cryotome, placed on glass slides and rapidly drietfon 
a warming tray at 60 °C. Macroradioautograms were prepared 
by placing Kodak No Screen X-Ray film plates (Eastman 
Kodak, Rochester, New York) directly on the tissue sections 
together with plastic calibration standards of known radio- 
activity (0.1 wCi/g; no. CFP-1, Amersham-Searle, Arlington 
Heights, Illinois). X-ray film plates were exposed at room 
temperature for 14 days and then developed using standard 
techniques. For comparison, adjacent transmural tissue sec- 
tions were prepared with routine histopathologic methods 
including hematoxylin-eosin, periodic acid-Schiff and oil red 
O staining (see later). 

Ten liter aliquots of serum from each blood sample col- 
lected during the !4C-antipyrine infusion were added to 10 ml 
of Aquasol (no. NEF-934, New England Nuclear Corporation), 
and liquid scintillation counting was performed to determine 
the arterial concentration of the isotope. 


Photodensitometric scanning of the radioautograms: 
Scanning was performed using a Photovolt transmission 
densitometer and model 502 A photometer (Photovolt Cor- 
poration, New York, New York). Tissue concentrations of the 
isotope were determined from plastic calibration standards.* 
Each plastic standard had previously been exposed with 20 
u tissue sections of rat brain with a known concentration of 
carbon-14. Values for optical density determined with 
photodensitometric scanning were plotted against isotope 
concentration, and a best fitting curve was drawn by inspec- 
tion. The standards were then assigned concentration values 
directly from the calibration curve. By exposing these stan- 
dards for various periods of time, a series of parallel calibration 
curves was generated. By exposing one of the plastic standards 
with each film square, a calibration curve was interpolated for 
each radioautogram. Subsequently, the tissue concentration 
of isotope was determined from the radioautographic optical 
density. 

Calculation of regional blood flow: Kety^ has shown, by 
an application of the Fick principle to the conditions of our 
study, that regional blood flow measured with a biologically 
inert diffusible tracer substance can be expressed mathema- 
tically as: 


T 
C\(T) = XK;ie- KiT f. C,eKitdt (1) 


where C;(T) 7 the tissue concentration of the tracer substance 
determined from radioautograms at time T, which in these 
experiments was 1 minute; ^; = the tissue-blood partition 
coefficient for the tracer material, which was assumed to equal 
1.005; C, = the integrated concentration of tracer substance 
in arterial blood, which is assumed to be variable but equal to 
0 at time 0; K; = the rate of blood flow per unit weight of tissue 
multiplied by the reciprocal of the partition coefficient. 

Because arterial concentration curves of the isotope in these 
experiments approached a square wave configuration, in an 
effort to simplify calculations of blood flow, we elected to use 
a modified form of equation 1, which assumes C,, the inte- 
grated concentration of tracer substance in arterial blood, to 
be constant, or: 


C;(T) = XiC4(1 — e-KT) (2) 


This equation was therefore used to calculate blood flow in 
different regions of the radioautograms. 

Use of the simplified form (equation 2) results in a sys- 
tematic error of overestimation of flow values compared with 
values obtained with equation 1. The magnitude of this error 


* Kindly provided by Dr. Charles Kennedy of the National Institute 
of Mental Health, National Institutes of Health, Bethesda, Maryland. 
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values at left and right normal margins O 
adjacent to the ischemic zone (N rep- 

resents the mean of two values). 


based on the observed arterial concentration curves was cal- 
culated for a range of flow values (derived with equation 1) 
similar to those derived with equation 2.9 Flow values calcu- 
lated with the latter equation in these experiments were 
therefore corrected for the appropriate degree of overesti- 
mation by means of a graphic method. Flow data were ana- 
lyzed statistically using a paired t test." 

Analysis of adjacent histopathologic sections used in 
the comparison with radioautograms: Ink dots were placed 
on each tissue section to define a line through which the extent 
of myocardial necrosis was estimated in the transverse plane 
(P4) (lower panel, Fig. 1). Similarly placed ink dots determined 
the direction of photodensitometric scanning through the 
corresponding radioautogram (upper panel, Fig. 1). The 
specific points along this line where predominant myocardial 
necrosis was first evident on light microscopic study under 
high power magnification at each margin were determined, 
and the distance between them was considered to represent 
the transverse width of the zone of myocardial necrosis (MI,). 
Flow values corresponding to these points of myocardial ne- 
crosis at each margin (MN) (Fig. 2) could then be read directly 
from their respective transverse photodensitometric scans. 
Myocardial cell necrosis at each margin was determined from 
previously established criteria-!? that included more intense 
eosinophilic staining of myocardial fibers than normal, fiber 
fragmentation, loss of cross-striations, karyorrhexis, kary- 
olysis, pyknotic nuclei, polymorphonuclear cell infiltration 
and a marked depletion of stainable glycogen (periodic acid- 
Schiff sections). At least four of these criteria had to be present 
to establish the presence of cell necrosis. Tissue sections 
stained with oil red O, which produced relatively intense 
staining of neutral fat at each margin of the ischemic zone, 
were found to be particularly useful as a guide to making these 
determinations. Comparisons made with hematoxylin-eosin 
and periodic acid-Schiff sections revealed that myocardial 
fibers encompassed within this zone of intensely staining lipid 
material were predominantly normal in histologic appearance 
and had eosinophilic staining characteristics indistinguishable 
from those of normal myocardium. In addition, only mild to 
moderate depletion of stainable glycogen was observed in 
these fibers as compared with normal fibers and in contrast 
to the marked depletion of glycogen in necrotic myocardium. 
Because of these features, dimensional estimates of the extent 
of myocardial necrosis reported in this study were performed 
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on tissue sections stained with oil red O. Dimensional mea- 
surements in millimeters along the transverse line previously 
defined by the ink dots were made using a calibrated micro- 
graphic ruler oriented in parallel with this plane of the tissue 
section. Measurements were made independently by two 
observers, and an average value was calculated. Tissue sections 
in which interobserver differences in dimensional measure- 
ments were greater than 1 mm were again reviewed by each 
observer before an average was calculated. Similar estimates 
of the extent of myocardial necrosis were made for each sec- 
tion from the endocardial surface to the epicardium (MI;4) 
in the transmural direction (Pv) at 90? to the transverse plane 
and through the geometric center of the infarct zone. 


Results 


Illustrative radioautogram: The upper panel of Figure 
1 is an example of a radioautogram obtained using the method 
described. A transmural section of the left ventricular myo- 
cardium is shown; the endocardium is above and the epicar- 
dium below. The myocardial infarct appears as a pale central 
zone of markedly diminished flow; the dark areas represent 
zones of normal myocardium adjacent to the infarct. One can 
see a gradation of isotope uptake from the homogeneous 
darker areas at the margins of the myocardial infarction to the 
pale central zone and another gradation of isotope uptake 
from the darker epicardial area to the pale central zone and 
then to a slightly darker area again as the endocardial surface 
is approached. These flow phenomena were further charac- 
terized by photodensitometric scanning first in a transversg 
or mid circumferential direction through the radioautogram 
(Pı) and then in a transmural direction from epicardium to 
endocardium (P») (see later). 

The lower panel of Figure 1 shows an adjacent tissue sec- 
tion, stained in this instance with oil red O, with a central area 
of myocardial necrosis circumscribed by a border of intensely 
staining lipid material. 


Profiles of Ischemic Blood Flow 


Figure 2 shows a scan obtained by photodensitometric 
scanning in the transverse plane (P1). The abscissa indicates 
millimeters of myocardium and the ordinate represents 
myocardial blood flow in milliliters per gram of myocardium 
per minute. These flow values were obtained by converting 
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FIGURE 3. Transmural plane (P5) photodensitometric scan of the ra- 
dioautogram shown in Figure 1. C, ENDO and EPI, represent, respec- 
tively, flow values in the center, endocardium and epicardium of the 
ischemic zone; LVw — average transmural thickness of the left ven- 
tricular wall encompassing the infarcted region determined from ad- 
jacent tissue sections; Ml, = transmural dimension of the infarct region 
estimated from adjacent tissue sections. 


directly measured units of optical density derived from pho- 
todensitometric scanning to units of myocardial blood flow 
using the method previously described. As the infarct is tra- 
versed from left to right, there is a gradual decrease and sub- 
sequent increase in flow, indicating that the margins are not 
sharp and that there is a gradual diminution of blood flow as 
the center of the infarct is approached from either margin. 
The mean flow value for normal myocardium is indicated 
by N and was obtained by averaging the two normal 


TABLE I 


boundaries adjacent to the infarct zone which in this ins 
equals 0.52 ml/g per min. Flow in the center of the inf C) 
was taken as the lowest flow value found in the ischemic re- 
gion, or 0.05 ml/g per min. In all instances, the graphs obtained 
were quite symmetric, and C was always close to the geometric 
center of the infarct. In the low flow regions of the tracing, 
large changes in optical density represent only small incre- 
ments of flow because of the nonlinearity of the scale. 

Figure 3 shows a scan obtained from the experiment pre- 
viously shown in which the direction of photodensitometric 
scanning is in the transmural plane (P5). Again the abscissa 
indicates millimeters of myocardium and the ordinate milli- 
liters per gram per minute of blood flow. In this plane, scans 
consistently rendered a flow profile, exhibiting a smooth 
asymmetric contour. Flow is maximal near the epicardial 
surface and gradually diminishes to a minimal value in a 
central area of greatest flow reduction, usually found ap- 
proximately one third of the distance from the endocardium 
to the epicardium. From this point, flow increases once again 
as the endocardial surface is approached. 

By combining transverse or mid circumferential (P1) and 
corresponding transmural (P5) photodensitometric scans for 
each experiment, we could further construct specific profiles 
of ischemic blood flow within a cubic reference system. Figure 
4 graphically illustrates this type of three dimensional con- 
struction of blood flow in the ischemic zone and summarizes 
the results of all seven experiments (Table I). In this model, 
P; (transverse plane) consistently showed a symmetric profile 
of decreasing blood flow from each normal margin (mean value 
0.75 + 0.11 ml/g per min) to the center of the myocardial in- 
farct (mean 0.08 + 0.02 ml/g per min or 11.7 + 3.5 percent of 
normal flow), whereas P; (transmural plane) showed an 
asymmetric profile of decreasing blood flow from the epicar- 
dium (mean value 0.36 + 0.06 ml/g per min) to the center of 
the infarct and a subsequent but significant increase to 0.22 
+ 0.03 ml/g per min near the endocardial surface. Endocardial 
to epicardial flow ratios in ischemic myocardium averaged 0.84 
+ 0.32, indicating more severe flow deprivation in the endo- 
cardial half as than in the epicardial half of the left ventricular 
shell. 

In comparison, transmural photodensitometric scans of 
normal left ventricular myocardium (Table I) showed tela- 
tively flat profiles of blood flow with slightly greater endo- 
cardial (mean 0.64 + 0.13 ml/g per min) than epicardial (mean 


Regional Myocardial Blood Flow (ml/g per min) in Normal and Ischemic Myocardium Comparing Results Obtained From 


Transverse and Transmural Plane Photodensitomeric Scans 


"ocu CM E nce ss dO AID Mr rrcr———VE SE 
RE EUR LI e az odo d I alos M | TERRE 


Transverse Plane (P4) 


Transmural Plane (P3) 


ys —G Sener! aemuli ssl 2T. $ ^2 SONS S E NN NR 
Ts Ek " x vas (n Ischemic Zone Normal Myocardium 
~wEXp. no. MN (%) C (96) EPI ENDO LV EPI LV ENDO LV MN 
1 1.315 0.566 56.96 0.096 7.30 0.264 0.178 1.203 1.260 1.232 
2 0.589 0.325 44.82 0.133 22.58 0.538 0.302 0.570 0.429 0.500 
3 0.547 0.302 44.79 0.145 26.51 0.547 0.255 0.353 0.500 0.427 
4 0.516 0.261 49.42 0.050 9.69 0.296 0.133 0.513 0.513 0.513 
5 0.977 0.475 51.38 0.043 4.40 0.091 0.247 i.n A d el 
6 0.655 0.447 31.76 0.061 9.31 0.426 0.139 0.527 0.563 0.545 
7 0.647 0.404 37.56 0.014 2.16 0.352 0.252 0.494 0.586 0.540 
Mean 0.749 0.397 45.24 0.077 11:71 0.359 0.215 0.610 0.642 0.626 
+ SEM 0.11 0.04 3.2 0.018 3.5 0.06 0.03 0.12 0.13 0.12 


* Statistical analyses: Significant differe 
C, ischemic zone EPI versus ENDO and 
C — center of ishemic zone; C/N X 100 percent — 
ppicardium; Exp. = experiment; LV = left ventricular; LVM 
margins adjacent to ischemic zone; (N — MN)/N X 100 (% 
= standard error of the mean. 


^ 
lo 


ences (probability [P] «0.05, paired observations) are observed for N versus MN, N versus C, MN versus 
N versus LVM; LV EPI and LV ENDO do not differ significantly (P 20.05). 

degree of blood flow reduction at center of ischemic zone; ENDO = endocardium; EPI = 
average of epicardial and endocardial flow in normal left ventricular myocardium; 
— average flow value at the point when myocardial necrosis was first evident in adjacent tissue sections; N — average flow value in normal 
) = degree of blood flow reduction from normal related to myocardial necrosis; SEM 
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Transverse and Transmural Plane Dimensions of the Zone of Myocardial Infarction, Ischemic Zone and Border Zone 


TABLE ll 

Exp MI, s BZy Mla LV, 

no (mm) (mm) (mm) (mm) (mm) 
1 6.0 9.3 3.3 11.0 11.0 
2 6.5 9.8 3.3 10.0 11.5 
3 9.5 15.3 5.8 7.0 13.0 
4 11.0 17.2 6.2 9.0 12.0 
5 11.5 16.7 5.1 11.0 13.0 
6 15.5 19.2 3.7 9.0 13.0 
7 16.0 19.8 3.8 13.0 13.0 
Mean 10.9 15.3 4.5 10.0 12.4 
+ SEM £1.5 +1.6 +0.5 +0.7 +0.3 
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Vy/Viz) X 100 Uo )* 
(BZ,/IZy) MIZ) run- trun- ip- ylin- 


X 100(%) X100(%) cated cated soid der « 
35.5 64.5 t 26.8 41.6 41.6 
33.7 66.3 t 29.2 38.3 38.3 
37.9 62.1 21.3 24.7 18.1 20.9 
36.0 64.0 30.6 29.8 36.0 30.7 
30.5 68.9 37.0 35.0 49.3 40.0 
19.3 80.7 49.8 58.9 38.8 45.3 
19.8 80.8 65.9 59.3 80.7 65.3 
30.4 69.6 40.9 37.7 43.3 40.3 
+3.0 +3.0 +7.7 +5.7 +7.2 +5.2 


PE oue MEE a LO i ea Rh: C RE a EE a = A= e 
* Infarct size in relation to the magnitude of the ischemic zone (V/Viz) (%) is calculated assuming four different geometric models. 
t Calculations could not be performed using these models because of unusual infarct configurations in these experiments. 
BZ,, = border zone (IZ, — Ml, in the transverse plane); BZ,/IZ,, X 100 (96) and Mly/IZ, X 100 (%) = BZ,, and Ml, expressed as percent of 
IZ; IZ,, = width of the ischemic zone determined in transverse photodensitometric scans; LV,, = average transmural left ventricular wall thickness; 
Ml,, = transmural dimension of the zone of myocardial necrosis estimated from tissue sections; Ml, = transverse width of the zone of myocardial 
necrosis estimated from adjacent histologic sections; SEM = standard error of the mean; (V/Viz) X 100 (%) = infarct size expressed as percent 
of ischemic zone magnitude assuming four different geometric models. 


0.61 + 0.12 ml/g per min) flow values. However, these values 
were not significantly different from each other. Left ven- 
tricular mean flow (mean 0.63 + 0.12 ml/g per min) was 
computed by averaging left ventricular endocardial and epi- 
cardial flow values. Endocardial to epicardial flow ratios in 
normal myocardium averaged 1.08 + 0.09 and did not differ 
significantly from unity. 

Values for blood flow at the normal margins of the mfarct 
zone in the transverse plane (N) were slightly but significantly 
greater than corresponding values for left ventricular mean 
flow (Table I), suggesting that the infarct margins were 
hyperemic. 

Comparison of magnitude of reduction of regional 
blood flow and histopathologic evidence for myocardial 
necrosis: In the next phase of this comparative analysis, we 
determined the specific values of blood flow from photo- 
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FIGURE 4. Schematic reconstruc- 
tion of profiles of ischemic blood 
flow based upon transverse (P4) and 
transmural plane (P2) photodensi- 
tometric scans combined in a 

, three-dimensional reference sys- 
tem. Flow values shown for normal 
margins, epicardium, endocardium, 
and infarct center (Center MI) rep- 
resent mean values for seven ex- 
periments. 


densitometric scans in the transverse plane at the corre- 
sponding point at which myocardial necrosis was first evident 
in adjacent histopathologic tissue sections (Table I). Values 
for this determination (MN) ranged from 0.26 to 0.57 ml/g per 
min (mean 0.40 + 0.04 ml/g per min, representing an average 
reduction in blood flow of 45.2 + 3.2 percent from normal 
values. This degree of flow reduction therefore permits more 
accurate definition of a border zone of intermediate flow re- 
duction located immediately outside the region of myocardial 
necrosis where cell viability is maintained at 24 hours. 
Quantification of border zone dimensions: In an effort 
to characterize a border zone of intermediate flow reduction 
and determine a quantitative measurement of its width, in the 
second part of this study we undertook a systematic com- 
parison between the total width of the ischemic zone of flow 
reduction (IZ,) determined with radioautography in the 
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FIGURE 5. Diagram showing geometric model of ischemic zone volume 
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(Vız) and infarct (MI) zone volume (Vm) based upon a truncated spheroid from 


a single experiment. D4 = ischemic zone width (IZw) measured from a transverse plane (P4) photodensitometric scan: h, = D, minus transmural 
left ventricular wall thickness (LV,,); R4 = D,/2. The ischemic zone sphere was assumed to be tangent to the epicardial surface. To calculate the 
volume of the myocardial infarct zone (Vm), both transverse (D2 or MI) and transmural (Ml) dimensions were measured from adjacent tissue sections. 
ha = Dz minus transmural dimension of the infarct zone (or Ml). The mathematical formulas used and the calculation of Vw/Viz (in percent) in 


this experiment are indicated. (See appendix for details.) 


transverse plane and the corresponding width of the zone of 
myocardial necrosis (MI) as estimated from adjacent histo- 
pathologic sections (Table II). Values for ischemic zone width 
(IZ) determined with radioautography ranged from 9.3 to 
19.8 mm (mean 15.3 + 1.6 mm); corresponding values for 
width of the zone of myocardial necrosis (MI), as estimated 
from adjacent histopathologic sections, ranged from 6.0 to 16.0 
mm (mean 10.9 + 1.5 mm or 69.6 + 3.0 percent of IZ,,). Border 
zone width (BZ,,) in the transverse plane, obtained by sub- 
tracting the width of the myocardial infarct zone from that 
of the ischemic zone, ranged from 3.3 to 6.2 mm (mean 4.5 
+ 0.5 mm or 30.4 + 3.0 percent of ischemic zone width). 

Quantification of infarct size in relation to magnitude 
of ischemic zone: To obtain further quantitative characteriz- 
ation of the size of the infarct and its relation to the size of the 
total zone of ischemic blood flow reduction, we undertook a 
systematic comparison of both transverse and transmural 
dimensions of the total ischemic zone determined with ra- 
dioautography and the corresponding dimensions of the zone 
of myocardial necrosis as estimated from adjacent histo- 
pathologic sections. In this analysis, we assumed truncated 
spheroidal models situated within the wall of the left ventricle 
to represent closely the volume configurations of both the zone 
of ischemic blood flow reduction and the zone of myocardial 
necrosis. 

Figure 5 shows an example of such a volume calculation 
using the formulas indicated. This shows that infarct size 
(Vmi) is 30.6 percent of the total size of the ischemic zone of 
blood flow reduction (Vjz). With this geometric model, the 
average value for this determination in all experiments was 
40.9 + 7.7 percent. For comparison, however, we extended 
these calculations, assuming different geometric models to 
approximate infarct size and the size of the total zone of 
ischemic blood flow reduction (see Appendix). The data for 
this comparison are summarized in Table II. 

~- Thus, assuming a bitruncated spheroid where the ischemic 
^ 


i 
72 July 1978 The American Journal of CARDIOLOGY Volume 42 


and infarct zone centers are considered equidistant from their 
respective epicardial and endocardial surfaces, the average 
value for percent Vyj/Vrz of 37.7 + 5.7 percent is similar but 
slightly lower than that for a singly truncated spheroidal 
model. Average values for this determination assuming either 
ellipsoidal or cylindrical models (mean 43.3 + 7.2 and 40.3 + 
5.2 percent, respectively) are not sigrificantly different from 
these values. 


Discussion 


Measurements of regional blood flow in ischemic 
myocardium: Acute coronary occlusion in experimental 
animals consistently produces a focal zone of myocardial 
ischemia characterized by several regional mechanical, 
electrocardiographic, biochemical and flow derange- 
ments.!! Regional myocardial blood flow in such animal 
models has previously been studied by investigators 
utilizing various techniques.!?-2? Most such studies 
show similar findings: (1) significant reduction of flow 
from normal values in ischemic or infarcted myocar- ' 
dium; (2) most severe flow reduction at the center of the 
ischemic zone and also in the subendocardial half of the 
transmural thickness of the left ventricular wall; (3) 
intermediate levels of flow reduction at the margins of 
the ischemic zone and subepicardium; and (4) a decrease 
in the ratio of endocardial to epicardial blood flow in- 
dicating flow redistribution. 

Our findings are in close agreement with these ob- 
servations (Fig. 2 and 3, Table I). Furthermore, by 
combining transverse and transmural photodensito- , 
metric scans, the profiles of ischemic blood flow could 
be characterized schematically in a three dimensional 
or cubic reference system (Fig. 4). Thus, photodensi- 
tometric scans in the transverse or mid circumferential 


- 


plane consistently showed symmetric profiles of di- 
minishing blood flow from each normal margin to the 
center of the infarct. Values for blood flow at the infarct 
center (C, Table I) varied considerably, but in each in- 
stance they were markedly lower than corresponding 
values in adjacent normal myocardium. Corresponding 
photodensitometric scans in the transmural plane 
showed an asymmetric profile of decreasing blood flow 
from the epicardium to the infarct center with a sub- 
sequent slight but significant increase as the endocardial 
surface was approached. A possible explanation for this 
finding may be the passive influx of radioisotope by way 
of the endomural coronary collateral circulation (that 
is, arterioluminal and arteriosinusoidal vessels) near the 
endocardial surface, as previously suggested by Moir.? 
However, it is unlikely that contamination from luminal 
blood alone would account for this consistent finding 
in transmural photodensitometric scans. Under con- 
ditions of ischemia, Moir found that the magnitude of 
contamination from luminal blood was only approxi- 
mately 0.5 ml/100 g of myocardium and that the specific 
sites of increased contamination were highly variable, 
that is, the number of sites with greater endocardial 
than epicardial, contamination nearly equalled that of 
sites with greater epicardial than endocardial contam- 
ination. 

Potential sources of error: Although the specific 
values for regional blood flow in ischemic myocardium 
observed in our study 24 hours after coronary ligation 
are comparable with those reported by others utilizing 
different techniques, in the presence of myocardial 
ischemia, the validity of nearly all such regional flow 
measurements, regardless of the method used, remains 
uncertain,! as does the validity of the assumptions on 
which such determinations are based.?? In this context, 
several potential sources of error that are relevant to our 
study require further comment. For the purposes of 
simplification, flow calculations were performed using 
a modification of the Kety equation? (equation 2), which 
introduces a systematic error of overestimation of flow 
values that requires correction.® The tissue-blood par- 
tition coefficient for antipyrine used to calculate flow 
in these experiments was assumed to be 1.00. Although 
this value may be an accurate approximation for normal 
myocardium under resting hemodynamic conditions,” 
the actual partition coefficient for ischemic myocardium 
under these experimental conditions is unknown and 
‘may represent a source of error in these flow determi- 
nations.!? 

Additional errors may have been introduced as a re- 
sult of the effect of unequilibrated arterial blood on 
tissue antipyrine concentrations and the lack of cor- 
rection for the smearing effect of transport function of 
the sampling catheter.!? However, this latter source of 
error was minimized by using a relatively short (10 cm) 
polyethylene catheter for sampling arterial blood 
samples. 

In our analysis of tissue sections, dimensional mea- 
surements of the extent of myocardial necrosis were 
made only in single defined transverse and transmural 
planes or lines that could be compared with corre- 
sponding radioautograms. Because considerable in- 
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terdigitation of fibers occurs at the transitions from 
normal to ischemic and from ischemic to necrotic zones, 
such measurements can be considered only estimates 
rather than precise dimensions of these zones. Never- 
theless, these estimates permitted some degree of 
quantification of infarct size relative to the magnitude 
of the ischemic zone. 

Magnitude of ischemic blood flow reduction and 
myocardial necrosis: In the comparative analysis be- 
tween transverse photodensitometric scans and adja- 
cent tissue sections, we found that specific values for 
regional blood flow corresponding to the point at which 
myocardial necrosis was first evident varied consider- 
ably among experiments (0.26 to 0.57 ml/g per min) 
(Table I). However, each determination represented a 
level of flow reduction from its corresponding normal 
value, which was comparable with the average value 
reported for all experiments (45.2 4 3.2 percent). These 
data therefore represent independent confirmation with 
a new technique of previous observations of others re- 
garding the levels of blood flow reduction required to 
produce objective evidence for regional myocardial 
ischemia!! and myocardial infarction.”® Furthermore, 
this technique may permit better resolution between 
specific flow measurements and myocardial necrosis 
than is usually provided with microsphere or other 
techniques that require multiple tissue biopsies to re- 
construct flow profiles in the ischemic region. The 
present method provides a continuous graphical rep- 
resentation of ischemic blood flow that can be compared 
with histopathologic findings in adjacent regions. 

Infarct size and border zone: After sustained cor- 
onary occlusion, the ischemic zone presumably contains 
various amounts of both irreversibly and reversibly 
injured cells.?? This is likely to be true because subse- 
quent myocardial necrosis is not completely uniform 
throughout this region, as frequently manifested by the 
subepicardial sparing of myocardial tissue. Most 
probably the magnitude of the ischemic injury and 
ultimately the extent of myocardial necrosis that results 
is a highly dynamic process related in a complex manner 
to several mechanical???? and time-dependent flow 
factors.16.18,90 

In this study, we attempted to quantify infarct size 
(Va in relation to the magnitude of its corresponding 
ischemic zone (Vız). Average calculated values for 
Vj/Vrz in percent were remarkably similar for all four 
geometric models (Table II). These data indicate that 
in small focal myocardial infarcts, the extent of myo; 
cardial necrosis in geometric terms encompasses ap- 
proximately 40 percent of the total ischemic zone. ‘These 
findings further suggest that a substantial region of cell 
viability is maintained at 24 hours after coronary oc- 
clusion. 

The presence of a “border zone" at the periphery of 
an ischemic zone produced by acute coronary occlusion 
has previously been identified by investigators using a 
variety of study techniques. These include studies 
employing differential histochemical staining methods 
examined with light microscopy;?! electron microscopic , 
studies,?? polarographic determinations of intramyo- 


cardial oxygen concentration,?? epicardial electrocar. —^ 


ha T 
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diograms (S-T segment depression),*4 studies of seg- 
mental mechanical function?»36 and measurements of 
regional blood flow.15.!9? The absolute magnitude of this 
border zone of jeopardized but potentially viable myo- 
cardium is not known, but recent studies suggest that 
it may be substantial and furthermore may be in- 
fluenced by a number of hemodynamic, metabolic and 
pharmacologic interventions.?? 

In our study the mean width of the border zone was 
4.5 + 0.5 mm or 30.4 + 3.0 percent of the width of the 
ischemic zone. If one assumes that the mass of both the 
infarct and ischemic zones are represented by cylin- 
drical models within the left ventricular shell, the border 
zone averaged approximately 60 percent of the ischemic 
zone mass (‘Table II) for small focal myocardial infarcts 
characterized in these experiments. However, if one 
assumes a constant border zone width (4.5 mm) and 
calculates its size for myocardial infarcts of progres- 
sively increasing diameter (Fig. 6), the border zone 
would comprise 36, 32, 29 and 28 percent of ischemic 
zone mass for infarct sizes of 10, 25, 40 and 50 g, re- 
spectively. On the basis of these calculations, the con- 
tribution of the border zone, although increasing in 
absolute magnitude, constitutes a progressively smaller 
part of total ischemic zone mass until a near steady 
value is reached at larger infarct sizes. These theoretical 
calculations, although unconfirmed, should be taken 
into account when studying interventions aimed at 
maintaining myocardial viability. 

Our findings of a border zone of intermediate flow 
reduction 24 hours after coronary occlusion are quite 
consistent with previous observations made by Schaper 
and Pasyk!? and other investigators!? using different 
techniques of flow measurement. However, they are in 
marked contrast with the results of other studies?7:98 
made of the early phases of acute ischemic injury. In the 
latter, tissue supplied by the occluded artery was de- 
lineated by dye injection, and ischemic myocardium was 
separated from nonischemic tissue by dissection along 
a stained border. Because of uncertainties in this sep- 
aration technique, flow supplied by vessels adjacent to 
the ischemic zone was determined by microspheres in- 
jected during perfusion of the vessel to be occluded with 
unlabeled blood. After coronary occlusion, regional 
blood flow in normal and ischemic regions was measured 
by a second injection of microspheres. Intermediate 
values of blood flow obtained from samples in the zone 
of transition from normal to ischemic myocardium 
suggested, when corrected for collateral flow from ad- 
jacent vessels, that the degree of flow reduction at the 
periphery of the ischemic zone was nearly equal to that 
at the center. These findings were noted both immedi- 
ately and 2 hours after coronary occlusion. In work using 
a similar approach,?? creatine kinase depletion tended 
to be uniform throughout the ischemic zone. 

In our study, we did not attempt to delineate the 
tissue specifically perfused by the occluded vessel be- 
cause this would have made subsequent histopathologic 
study of tissue$ impossible. Furthermore, determination 
of blood flow derived exclusively from collateral vessels 

was not possible with the radioautographic technique 
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FIGURE 6. Theoretical plot of infarct size (Vy) in relation to the ratio 
of Vmi/ Vız (percent) or 1/BZ (percent) assuming a constant border zone 
width (BZ,,) and progressively increasing values for width of infarct zone. 
The mass of both the infarct (MI) and ischemic (IZ) zones are assumed 
to be represented by cylindrical models within the left ventricular wall 
where ischemic zone depth, h;, equals the average transmural thick- 
ness of the left ventricular wall, LV,, (12.4 mm), and infarct zone depth, 
h2, equals the average transmural dimension of the infarct zone (MI,4) 
(10.0 mm) (see appendix). On the basis of these calculations, the 
contribution of the border zone, although increasing in absolute mag- 
nitude, constitutes a progressively smaller part of total ischemic zone 
mass until a near steady value is reached at larger infarct sizes. 


used. Presumably, the time-dependent development of 
collateral blood flow, as well as redistribution of flow 
within the ischemic region,!®15:30 may account for our 
observations of a zone of intermediate flow reduction 
where cell viability maintained 24 hours after coronary 
occlusion. 
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Appendix 


Volume calculations and assumptions were made for four 


geometric models considered to represent infarct size (Vyp) . 


and the total magnitude of the ischemic zone of blood flow 
reduction (Vjz): 

Truncated spheroid: An example of this calculation and 
the formulas used is shown in Figure 5. In these calculations, 
the ischemic zone sphere was assumed to be tangent to the 
epicardial surface, whereas the depth of the infarct sphere was 
determined by the transmural dimension of the infarct zone 
( MI;4). The geometric centers of the spheres, although in the 
same transmural plane, were therefore eccentrically located 
with respect to each other. 

Bitruncated spheroid: With use of this model, the geo- 
metric centers of both the ischemic and infarct zone spheres 
were considered to be equidistant from their respective epi- 
cardial and endocardial surfaces, that is, at the left ventricular 
mid circumference. For the ischemic zone: 


um Bieta D where D; = ischemic zone width (IZ,,) 


and 


hı = D, — transmural left ventricular wall thickness 
(LV,,)/2. 


For the infarct zone: 
Rə = - where D; = MI, and hg = D2 - LV,,/2. 


In contrast to calculations for truncated spheroid, MI,4 was 
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not used in these calculations. Volume = 4/37R® — 2/3rh?(3R 
— h). 

Ellipsoid: In these calculations, for the ischemic zone, D; 
or IZ,, and LV,, were assumed to represent the major (bj) and 
minor (aj) hemiaxes, respectively, of a prolate ellipsoid. 
Similarly, for the infarct zone, D» or MI, = b; and Mla = a». 
Volume = 7/6 X a? X b. 

Cylinder: With this model, for the ischemic zone, R; = 
IZ„/2 and the ischemic zone depth, h; = LVw. For the infarct 
zone, Ro = MI,,/2 and the infarct depth, ho = MI;4. Volume 
= T R?h. x 
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Right ventricular epicardial ventricular fibrillation threshold was deter- 
mined during paced supraventricular rhythm using 100 hertz trains of 
stimuli at 15 minute intervals in dogs before, during and after a 90 minute 
infusion of tocainide, an orally effective antiarrhythmic drug. With each 
ventricular fibrillation threshold determination, simultaneous blood 
samples were obtained for determination of drug concentration. Con- 
centration-response curves for dogs receiving tocainide showed that in 
general there is no measurable increase in ventricular fibrillation threshold 
at concentrations of less than 6 to 10 ug/ml. At 10 g/ml the mean ven- 
tricular fibrillation threshold increased 28 percent (range 14 to 67 percent), 
at 15 ug/ml 53 percent (range 28 to 111 percent) and at 20 ug/ml 71 
percent (range 37 to 143 percent). There was a wide range of interanimal 
sensitivity to tocainide, but for each animal there was a significant relation 
between increase in ventricular fibrillation threshold and log plasma 
concentration. 

Similar observations for lidocaine revealed that in general there was 
no measurable effect below 1.3 to 4 ug/ml, a 77 percent mean increase 
(range 2 to 146 percent) at 4 ug/ml, a 136 percent mean increase (range 
55 to 235 percent) at 6 ug/ml and a 177 percent mean increase (range 
76 to 299 percent) at 8 ug/ml. Tocainide also increased the ventricular 
fibrillation threshold during induced premature ventricular beats. In this 
model, tocainide significantly increased ventricular fibrillation threshold; 
however, this increase was less than that observed at clinically tolerated 
lidocaine plasma concentrations. 


T'cainide, a primary amine analog of lidocaine, has recently undergone 
a series of evaluations in man to determine its pharmacokinetic and 
antiarrhythmic properties.'-? Tocainide has linear pharmacokinetics, 
a half-life of approximately 13 hours and almost 100 percent bioavail- 
ability when given orally. After single large oral doses? and multiple ordl 
doses,! tocainide effectively suppresses ventricular ectopic complexes. 
Its antiarrhythmic activity is related to plasma drug concentration in 
individual patients and in groups. Although there is a wide range of in- 
dividual patient response to tocainide, for a group of patients suppression 
of ventricular ectopic complexes generally occurs at plasma concentra- 
tions greater than 6 ug/ml.^^ Because tocainide may have potential 
application for prevention of sudden arrhythmic death in patients at 
risk of ventricular fibrillation, we attempted to determine the effects 
of tocainide on the ventricular fibrillation threshold, using an animal 
model. In addition, we attempted to determine if any observed effect 
on the ventricular fibrillation threshold could be related to plasma drug 
concentration and to compare tocainide with the well studied antiar- 
rhythmic agent lidocaine. 
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t Methods 


Experimental Procedures 


Dog preparation: Twenty-nine healthy fasting mongrel 
dogs weighing 16.4 to 25.5 kg were anesthetized with intra- 
venous sodium pentobarbital at a dose of 30 mg/kg. The ani- 
mals were intubated with a cuffed endotracheal tube and 
ventilated with humidified room air, using a Harvard pump. 
A large bore catheter was inserted into the left femoral artery 
to monitor the systemic arterial pressure, using a Statham P23 
Db transducer; mean aortic pressure was derived electroni- 
cally. Blood samples for arterial blood gas analysis were drawn 
throughout the experiment and were analyzed using a Corning 
model 165 blood gas analyzer. Depth and rate of respiration 
were adjusted to maintain arterial partial pressure of oxygen 
(POs) at more than 72 mm Hg and pH between 7.35 and 7.44 
throughout the experiment. A catheter was placed in the right 
femoral vein for administration of additional anesthetic agent, 
which was given to maintain deep anesthesia throughout the 
experiment. The right jugular vein was catheterized for drug 
infusions. The chest was opened by means of a mid-line ster- 
notomy and the heart exposed and supported in a pericardial 
sling. The sinus node was mechanically crushed and a bipolar 
pacemaker electrode attached to the right atrium. Atrial 
pacing at a rate of 150 beats/min (cycle length 400 msec) was 
maintained using one channel of a Grass model S88 stimulator 
and an isolation unit. 

Ventricular fibrillation thresholds: These thresholds 
were determined using a modification of the method described 
by Moore et al.? A fibrillation electrode was sutured to the 
right ventricular epicardial surface. This electrode consisted 
of bipolar platinum electrodes, each with a diameter of 1.5 
mm, embedded 10 mm apart in acrylic plastic. The fibrillating 
current was delivered using specially designed digita! timing 
circuitry and a Grass S88 stimulator with a constant current 
device. Fibrillating currents were introduced after every 12th 
paced supraventricular beat. The fibrillating current was 
configured as a train of 16 square wave pulses, 4 msec in du- 
ration at a frequency of 100 hertz. The two supraventricular 
paced beats after each fibrillation train were inhibited. Lead 
II of the electrocardiogram and a right ventricular electrogram 
recorded from the region of the fibrillation electrode were 
continuously monitored. The fibrillating train was timed so 
that it spanned the entire vulnerable period of the cardiac 
cycle, with the train ending approximately 30 msec beyond 
the T wave of the local electrogram. The current delivered to 
the fibrillation electrodes was continuously monitored as the 
voltage drop across a precision (+1 percent) 100 ohm resistor 
and displayed on a Tektronics storage oscilloscope. The cur- 
rent delivered to the ventricle was increased in 0.5 to 1 mil- 
liampere increments until ventricular fibrillation occurred. 
The minimal level of current producing sustained ventricular 
fibrillation was defined as the ventricular fibrillation 
threshold. Each threshold determination was recorded on a 
model SP 700 Ampex tape recorder and was subsequently 
printed on a Honeywell model 1508 visicorder oscillograph to 
confirm that the fibrillating train was in the correct position. 
The heart was directly defibrillated within 10 seconds using 
10 to 15 watt seconds delivered from a Hewlett-Packard model 
780 2C defibrillator delivered through 5 cm paddles applied 
directly to the heart. Ventricular fibrillation threshold was 
measured at 15 minute intervals throughout the study. 

During some experiments the fibrillation threshold was 
determined for artificially induced premature ventricular 
complexes. A single 4 msec square wave stimulus was placed 
during diastole using a bipolar electrode sutured to the left 
ventricle. Stimulus strength was increased in intensity until 


threshold for a premature complex was obtained. Stimulus 
strength was then increased to twice diastolic threshold, and 
the stimulus was moved into the relative refractory period of 
the preceding paced supraventricular complex as far as pos- 
sible to still achieve reliable capture. The stimulus was then 
increased to 1.5 milliamperes and left at that level for the 
duration of the experiment. A train of twelve 4 msec square 
wave pulses at 100 hertz was then introduced across the T 
wave of the premature ventricular complex by means of a right 
ventricular electrode, and ventricular fibrillation threshold 
was determined as described. i 

Drugs: These were administered by continuous infusion 
over a 90 minute period using a Harvard infusion pump. Blood 
samples for drug concentrations were obtained with use of the 
left femoral arterial catheter each time ventricular fibrillation 
was induced and were replaced with a like volume (5 cc) of 
normal saline solution. Plasma drug concentrations for to- 
cainide were determined using a high pressure liquid chro- 
matographic assay. Lidocaine was measured using a gas 
chromatographic method. 


Experimental Protocol 


Group | (control group): Ten dogs were studied to eval- 
uate the stability of the preparation throughout the duration 
of the experiment. Ventricular fibrillation threshold in these 
10 animals was determined every 15 minutes for 270 minutes. 
Seven of these animals were studied without placebo infu- 
sions. Three additional control animals given saline infusion 
were interspersed with the animals receiving drug infusion. 
The investigators performing the ventricular fibrillation study 
did not know whether they were giving drug or saline infusion. 
For each of these 10 control animals, the average ventricular 
fibrillation threshold, the standard deviation and coefficient 
of variation were calculated. 

For the tocainide and lidocaine infusions (Groups 2 to 4), 
each animal served as its own control. Before drug infusion 
in each experiment four consecutive control measurements 
of ventricular fibrillation threshold, within +1 milliampere 
for supraventricular complexes and +2 milliamperes for 
premature ventricular complexes, were obtained. The average 
of these four values was taken as the control ventricular fi- 
brillation threshold for that animal. 

Group 2 (variable tocainide infusion): Ten animals were 
studied in this group. Fibrillation threshold was determined 
during paced supraventricular beat complexes in five animals 
and during premature ventricular complexes in five animals. 
After determination of the four control ventricular fibrillation 
thresholds, tocainide was administered over 90 minutes. For 
the first 45 minutes each animal received tocainide at a rate 
of 0.24 mg/kg per min. Ventricular fibrillation threshold was 
determined 15, 30 and 45 minutes after the onset of drug 
infusion. At the end of 45 minutes the rate of drug infusion was 
changed according to the change in ventricular fibrillation 
threshold from control value. If the increase in threshold wae 
less than 50%, the infusion rate was doubled. If the threshold 
increased 50 to 200 percent above the control value, no change 
was made in the infusion rate. If the threshold increased by 
more than 200 percent, the infusion rate was halved. The new 
infusion rate was maintained for an additional 30 minutes, and 
ventricular fibrillation thresholds were measured at 15 and 
30 minutes (60 and 75 minutes of drug administration). At the 
end of this 30 minute infusion the rate of infusion was again 
changed according to the criteria just described, and the new 
infusion rate was maintained for 15 minutes. The total amount 
of tocainide administered to these animals ranged from 18.9 


to 38.5 mg/kg. These variable infusion rates were used to span , - 


a wide range of ventricular fibrillation thresholds and plasma 
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FIGURE 1. Control group. Average ventricular fibrillation threshold (VFT) 
for each of the control dogs. There were seven contro! dogs for 
threshold measured during paced supraventricular complexes (left) 
and three control dogs for threshold measured during induced premature 
ventricular complexes (PVC) (right). The values for each animal (closed 
circles and bars) represent the average (+ standard deviation) ven- 
tricular fibrillation threshold measured at 15 minute intervals over 270 
minutes. mA = milliampere. 


concentrations. After the 90 minute period of drug infusion, 
determinations of ventricular fibrillation threshold were 
continued at 15 minute intervals until the threshold returned 
to, or nearly to, the control value. 

Group 3 (small dose constant tocainide infusion): Be- 
cause the experiments in Group 2 produced maximal tocainide 
plasma concentrations much greater than those in patients 
treated with the drug, studies were carried out in four animals 
during paced supraventricular rhythm to evaluate the effect 
of lesser tocainide concentrations on ventricular fibrillation 
threshold. After the four control determinations of ventricular 
fibrillation threshold, these animals were given constant 
infusions of tocainide ranging from 0.15 to 0.175 mg/kg per 
min for 90 minutes. The total dose of tocainide administered 
to these animals ranged from 13.4 to 15.8 mg/kg. Both during 
and after drug infusion, ventricular fibrillation threshold was 
determined at 15 minute intervals. 

Group 4 (variable lidocaine infusion). In this group, five 
animals were studied during paced supraventricular rhythm, 
using a variable infusion rate regimen similar to that used for 
the animals in group 2 receiving tocainide. Each animal re- 
ceived a 90 minute infusion of lidocaine. The initial infusion 
rate of 0.24 mg/kg per min was maintained for 45 minutes. At 
45 and 75 minutes after the start of the infusion, the infusion 
rate was either maintained, doubled or halved, on the basis 
of change in ventricular fibrillation threshold as previously 
described for tocainide. The total dose of lidocaine adminis- 
tered to these animals ranged from 27.9 to 38.5 mg/kg. During 

sand after drug administration, ventricular fibrillation 
threshold was determined at 15 minute intervals until 
threshold returned to, or nearly to, the control value. 

Data analysis: For each animal the relation between nor- 
malized ventricular fibrillation threshold (ventricular fibril- 
lation threshold divided by control ventricular fibrillation 
threshold for that animal) and the log plasma concentration 
was determined using a least squares linear regression. The 
correlation coefficient and significance of each linear regres- 
sion line were determined using standard statistical tech- 
niques. To estimate the average increase in ventricular fi- 
brillation threshold as a function of plasma concentration for 


. the entire group, the slope and intercept of the regression lines 


from individual animals were averaged, and a concentra- 


— 
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FIGURE 2. Dog from Group 2. Data for a typical experiment using 
variable tocainide infusion and paced supraventricular rhythm. During 
the 90 minute period of drug infusion, tocainide plasma concentration 
([C]) increases to a peak of approximately 30 ug/ml (lower graph). 
Simultaneously the ventricular fibrillation threshold (upper graph) in- 
creases from a contro! value of 6 to a drug-induced value of 14 mil- 
liamperes (mA). Both tocainide plasma concentration and ventricular 
fibrillation threshold decrease after 90 minutes. 


tion-response curve representative of the average animal was 
derived. 


Results 


Group 1 (control group): The seven control animals 
studied during paced supraventricular rhythm had an average 
ventricular fibrillation threshold of 9.9 milliamperes (range 
4.9 to 12.8 ). For these seven animals the average standard 
deviation and the average coefficient of variation of ventric- 
ular fibrillation thresholds over 270 minutes were +0.86 mil- 
liamperes (range 0.51 to 1.53) and 9.4 percent (range 5 to 14 
percent), respectively. The three control animals studied 
during induced premature ventricular complexes had a mean 
ventricular fibrillation threshold of 8.3 milliamperes (range 
5.9 to 12). Over the 270 minutes the standard deviation ranged 
from +0.92 to +2.3 milliamperes and the coefficients of vari- 
ation were 14, 18, and 19 percent, respectively. The mean and 
standard deviation for each control animal are shown in Figure 
i 

Group 2 (variable tocainide infusion): Figure 2 illustrates 
the data for a typical experiment during a variable tocainide 
infusion and paced supraventricular rhythm. During the 
imfusion there is a rise in tocainide plasma concentrations from 
0 to greater than 30 ug/ml. During this time the ventricular 
fibrillation threshold increases from 6 to 14 milliamperes. 
After the 90 minute infusion, the plasma concentration de- 
creases rapidly, and the ventricular fibrillation threshold re- 
turns toward control values. Figure 3 shows the data for thig 
animal, plotted as normalized ventricular fibrillation 
threshold versus log plasma concentration. This dog was 
tvpical of each of the 10 animals in that the onset of the in- 
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FIGURE 3. Same dog. Normalized ventricular fibrillation threshold 
(VFT/CONTROL) plotted against log tocainide plasma concenrration. 
The values for correlation coefficient (r) and probability (p) are for the 
least squares regression line shown. mA = milliamperes. 


p < 0.001 


r= 0.47 
p < 0.08 
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FIGURE 4. Group 2. Tocainide concentration-response relations for 
each of the five animals studied with variable tocainide infusion and 
ventricular fibrillation threshold (VFT) determined during paced su- 
praventricular rhythm. Values for correlation coefficient (r) and prob- 
ability (p) are given for each animal. The dashed line labeled MEAN 
represents the concentration-response relation for the average animal. 
There is little measurable effect on ventricular fibrillation threshold at 
tocainide concentrations of less than 6 ug/ml. Note the range of in- 
teranimal variation in sensitivity to tocainide. VFT/MEAN CONTROL 
= normalized ventricular fibrillation threshold. 


crease in ventricular fibrillation threshold generally occurred 
at a tocainide plasma concentration of more than 6 to 10 
ug/ml, and in the range studied beyond this there was a linear 
relation between increase in ventricular fibrillation threshold 
and log plasma tocainide concentrations. 

The linear regression lines for each of the five animals 
studied during paced supraventricular rhythm are shown 
in Figure 4. The probability (P) value for the slope of each line 

"is highly significant for four dogs (range <0.001 to «0.004) and 
of borderline significance for one dog (P «0.08). There is a 
wide range of sensitivity of the animals to tocainide, as evi- 
denced by the interanimal variation of the slopes of the log 
concentration response curves. The concentration-response 
relation representing the average animal is also indicated in 
Figure 4. This average curve showed that at a plasma con- 
centration of 10 ug/ml, tocainide increased the ventricular 

fibrillation threshold by 28 percent (range 14 to 67 percent), 

at 15 ug/ml by 53 percent (range 28 to 111 percent and at 20 

ug/ml by 71 percent (range 37 to 143 percent). 

The linear regression lines for each of the five animals 
studied during induced premature ventricular complexes are 
shown in Figure 5. 'The P value for the slope of each line is 
highly significant (range P «0.01 to P «0.001). For the su- 
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PLASMA CONCENTRATION OF TOCAINIDE (ug/ml) 
FIGURE 5. Group 2. Data as in Figure 4 except that in these five animals 
ventricular fibrillation threshold was measured during induced premature 
ventricular complexes. 


r = 0.79, p « 0.001 


r = 0.67, p< 0.05 
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PLASMA CONCENTRATION OF LIDOCAINE (ug/ml) 

FIGURE 6. Group 4. Lidocaine concentration-response relations for 
each of the five animals studied during paced supraventricular rhythm. 
Values for correlation coefficient (r) and probability (p) are given for 
each animal. Note the range of interanimal variation in plasma con- 
centration at which the onset of measurable effect is noted and the 
variation in sensitivity to lidocaine. The dashed line labeled MEAN 
represents concentration-response relation for the average animal. 
Abbreviations as in Figure 4. 


praventricular complexes there is little measurable effect at 
concentrations of 6 to 10 ug/ml and there is a wide range of 
interanimal variation of sensitivity to tocainide. The average 
increase in ventricular fibrillation threshold was 52 percent 
(range 0 to 120 percent) at 10 ug/ml, 102 percent (range 30 to 
240 percent) at 15 ug/ml and 137 percent (range 53 to mope 
than 300 percent) at 20 ug/ml. Although tocainide tended to 
increase the ventricular fibrillation threshold more during 
ventricular premature complexes than during paced supra- 
ventricular rhythm, the difference was not statistically sig- 
nificant. 

Two animals in the tocainide series received a single in- 
travenous injection of 125 mg of lidocaine at the end of the 
experiment after ventricular fibrillation threshold had re- 
turned to control value and the experiment was completed. 
Within 3 to 5 minutes of administration of the lidocaine bolus 
injection, the ventricular fibrillation threshold was again 


measured. In one dog the threshold increased to 123 percent , 


above the mean control value compared with a peak effect of 


— 
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54 percent for tocainide in the same animal. In the other, the 
threshold increased to 357 percent above the mean control 
value compared with a peak effect of 147 percent for tocainide 
in that animal. No simultaneous blood samples were obtained 
for determination of lidocaine concentration. 

Group 3 (small dose constant tocainide infusion): The 
data for this group were treated in the same manner as the 
data for Group 2. The majority of plasma concentration 
measurements in this group were less than 10 ug/ml. When 
least squares linear regression lines were calculated for the 
normalized ventricular fibrillation threshold versus log plasma 
concentration plots, no significant correlation was found. 
These smaller dose infusion studies confirmed the finding of 
the larger dose variable rate infusion studies that tocainide 
has little effect on ventricular fibrillation threshold at plasma 
concentrations of less than 6 ug/ml. Although two animals 
demonstrated increases in ventricular fibrillation threshold 
at plasma concentrations greater than 6 ug/ml, there were in 
general too few data points in this concentration range to 
describe this relation quantitatively. 

Group 4 (variable lidocaine infusion): Data for indi- 
vidual animals were obtained as for the animals receiving to- 
cainide. Figure 6 shows the linear regression lines of normal- 
ized ventricular fibrillation threshold versus log plasma con- 
centration for the five animals studied at variable infusion 
rates of lidocaine. The relation between the rise in ventricular 
fibrillation threshold and drug plasma concentration is sig- 
nificant in all animals (P «0.015 to «0.001). As with tocainide, 
there is a wide range of individual animal sensitivity to lido- 
caine. Also, as with tocainide, the ventricular fibrillation 
threshold continues to increase at increasing plasma con- 
centrations within the range examined. The average response 
is also shown in Figure 6. At a lidocaine plasma concentration 
of 4 ug/ml, the average increase in ventricular fibrillation 
threshold was 77 percent (range 2 to 146 percent), at 6 ug/ml 
136 percent (range 55 to 235 percent) and at 8 ug/ml 177 per- 
cent (range 76 to 299 percent). 


Discussion 


Effects of tocainide versus lidocaine on ventric- 
ular fibrillation threshold: This study evaluating the 
effects of tocainide and lidocaine on the ventricular fi- 
brillation threshold provides concentration-response 
curves for each of these drugs over a wide range of 
ventricular fibrillation thresholds and plasma concen- 
trations. Examination of the concentration-response 
relation for individual animals yields several important 
findings. For both tocainide and lidocaine, individual 
animals showed wide variability in the plasma concen- 
trations at which the onset of measurable effect was 
observed. Thus, at any given small plasma concentra- 
tion of these agents, some animals may have a consid- 
erable increase in the ventricular fibrillation threshold 
whereas others may have little or no increase. Addi- 
tionally, there is a wide range in sensitivity of these 
animals to each of the drugs, as evidenced by the wide 
range of slopes of the plasma concentration-response 
relation. Thus, even at greater plasma concentrations, 
for any given drug plasma concentration one animal 
may have a much greater increase in ventricular fibril- 
lation threshold than another animal. This variability 
of response prompted us to use the variable infusion rate 
regimen described in the Methods section. The use of 
‘a fixed infusion rate, rather than a regimen based on 


— 
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observed response, did not consistently provide a suf- 
ficient range of response. These observations of indi- 
vidual animal concentration-response curves for the 
relation betweer ventricular fibrillation threshold and 
plasma concentration correspond with our observations 
on the relation between reduction of premature ven- 
tricular complexes and plasma concentration of to- 
cainide in man^ that is, there is a wide range of in- 
tersubject variability in these concentration-response 
relations. 

Our findings of a concentration-dependent increase 
in ventricular fibrillation threshold with lidocaine 
confirm the previous work of Spear and Gerstenblith 
and their co-workers.9? They examined this relation at 
lesser plasma concentrations of lidocaine but were un- 
able to examine greater plasma concentrations because 
of adverse hemodynamic effects. In our study we con- 
tinuously monitcred arterial blood pressure and did not 
observe major hemodynamic embarrassment in any 
animal despite lidocaine plasma concentrations of up 
to 20 ug/ml in many animals. Our data therefore extend 
the observations of previous studies to greater lidocaine 
concentrations. Similarly, we investigated the effect of 
tocainide on vertricular fibrillation threshold at con- 
centrations at and above those used clinically. For both 
drugs we continued to observe increases in ventricular 
fibrillation threshold at plasma concentrations greater 
than those used clinically. 

Clinical impl:cations: Our animal data suggest that 
there may be advantages in continuing drug adminis- 
tration beyond the point when ventricular ectopic 
complexes are suppressed or minimal or average 
"therapeutic" plasma concentrations are achieved. 
There is some clinical evidence to support the concept 
that greater lidocaine concentrations are more protec- 
tive against ventricular fibrillation. Lie et al.!° found 
that lidocaine was protective against ventricular fi- 
brillation early after myocardial infarction but noted 
that several earlier investigations!i:!? had not found an 
effect of lidocaine on the occurrence of ventricular fi- 
brillation. Although there are several possible expla- 
nations for this ciscrepancy, Lie et al.!? offered as one 
explanation their use of a larger dose of lidocaine. 

One must be extremely cautious in directly extrapo- 
lating the findinzs of our animal study to the clinical 
setting. The relation of ventricular fibrillation threshold 
to the spontaneous occurrence of ventricular fibrillation 
is unknown. Sportaneous ventricular fibrillation in man 
is frequently observed in patients with myocardial 
ischemia, and ischemia was not present in our animals. 
Finally, the direct extrapolation of plasma concentra- 
tion-response data from one species to another may not 
be valid. 

Comparison of the clinically tolerated ranges of 
plasma concentrations of lidocaine!? and tocainide 
suggests that lidocaine is considerably more effective 
than tocainide in increasing ventricular fibrillation 
threshold. However, previous animal studies by Coltart 
et al.!4 showed that in the dog tocainide concentrations 
of 15 to 30 ug/ml are required for suppression of ven- 
tricular ectopic complexes. These plasma concentra- 
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tjons are well above the 6 to 10 ug/ml range required for 
suppression of ventricular ectopy in man, suggesting a 
species difference in sensitivity to the electrophysiologic 
effects of tocainide. 

Although there was a slight tendency for tocainide to 
provide greater increases in ventricular fibrillation 
threshold during premature ventricular complexes than 
during supraventricular complexes, this difference was 
not statistically significant. One possible explanation 
for this finding is related to the experimental design of 
our study. The premature ventricular complexes were 
induced by means of a left ventricular electrode, and 
ventricular fibrillation determinations were made using 
a right ventricular electrode site. Because premature 
ventricular complexes cause increased temporal dis- 
persion over a relatively small anatomic area,’ it is 
possible that we would have noted a greater effect of 
tocainide on ventricular fibrillation threshold deter- 


mined during premature ventricular complexes had we 
used the same electrode for both introduction of pre- 
mature complexes and determination of fibrillation 
threshold. 

In summary, our study demonstrates that both to- 
cainide and lidocaine significantly increased the ven- 
tricular fibrillation threshold in dogs. In individual 
animals there was a linear relation between increases 
in ventricular fibrillation threshold and plasma drug 
concentration. The response to both drugs ranged 
widely among individual animals. Although major in- 
creases in ventricular fibrillation threshold occurred 
only at tocainide plasma concentrations greater than 
those required for suppression of premature ventricular 
complexes in man, previous data on the plasma to- 
cainide concentrations required to suppress ventricular 
ectopy suggest that this finding may be due in part to 
a species difference in sensitivity to tocainide. 
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Indexes of left ventricular function and diastolic compliance were studied 
in 10 awake exercise-trained greyhounds with left ventricular hypertrophy. 
Mean left ventricular to body weight ratio and mean myocardial cell di- 
ameter were significantly greater than in normal dogs (8.73 + 2.7 [stan- 
dard error of the mean] versus 4.63 + 0.24 g/kg, P «0.01; and 18.3 + 0.67 
versus 12.5 + 0.71 u, P «0.01, respectively). In awake resting animals, 
7 to 50 days after implantation of a high fidelity micromanometer and 
sonomicrometer crystals, left ventricular contractility indexes were similar 
to those measured previously in normal dogs (maximal derivative of left 
ventricular pressure [dP/dt] 3,800 + 250 versus 3,810 + 330 mm Hg/sec, 
difference not significant; and mean rate of circumferential fiber shortening 
1.54 + 0.12 versus 1.43 + 0.12 sec ^ 1, difference not significant). During 
volume loading sufficient to produce a left ventricular end-diastolic 
pressure of 20 mm Hg, changes in contractility indexes were similar to 
those in normal dogs; however, heart rate increased significantly (74 
percent, P <0.005) in the trained greyhounds but not in normal dogs. Left 
ventricular diastolic stiffness did not differ from normal (51.6 + 3.0 versus 
45.9 + 5.9 mm Hg/cm, P <0.01). These findings suggest that left ven- 
tricular function in exercise-induced left ventricular hypertrophy is sub- 
stantially normal. 


Left ventricular hypertrophy resulting from chronic pressure overload 
has been associated with both normal'? and reduced?-9 indexes of 
myocardial contractility even in the absence of congestive heart failure. 
Meerson and Pshennikova’ observed higher than normal values for peak 
left ventricular pressure and tension-time index in the isovolumically 
beating left ventricle of rabbits with myocardial hypertrophy due to 
pressure overload. However, these variables were less than normal when 
calculated per unit of left ventricular mass, indicating an apparent de- 
crease in performance of the chronically pressure-loaded left ventricle. 
Similar findings of depressed function in pressure overload hypertrophy 
based on factors related to contractile element velocity have been re- 
ported in papillary muscles from hypertrophied right ventricles in cats? 
and in intact canine left ventricles.4 As Simon et al.? have pointed out, 
some (but not all) of the conflicting results may be based on differences 
in experimental procedures and the indexes used to evaluate myocardial 
performance. On the other hand, ventricles with hypertrophy due to 
chronic volume overload have been reported to have normal or enhanced 
performance in animals without heart failure?? and even in animals with 
severe congestive failure.!? 
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F REFERENC SONOMICROMETER 
CATHETER CRYSTALS 


FIGURE 1. Schematic sectioned view of the left ventricular chamber 
showing the placement of instruments. A high fidelity micromanometer 
and a pressure reference catheter were introduced near the apex of 
the left ventricle (LV) and secured with purse-string sutures. The so- 
nomicrometer crystals were introduced at the maximal left ventricular 
diameter and placed snug against the endocardium. While the crystals 
were being introduced, care was taken to avoid placing them on the 
papillary muscles. Crystal location was verified in each animal at 
postmortem examination. Ao = aorta; LA = left atrium. 







At present there is little comparable information with 
regard to left ventricular hypertrophy produced by 
chronic severe exercise. Exercise-induced hypertrophy 
is generally considered benign, but the induction of the 
hypertrophied state through repetitive periods of 
strenuous exercise has at least some features of chronic 
pressure overload as well as of chronic volume overload. 
We therefore examined in the left ventricle of dogs with 
exercise-induced hypertrophy (1) the nature of changes, 
if any, in myocardial performance and contractility, and 
(2) changes in diastolic compliance because decreased 
left ventricular diastolic compliance has been reported 
in patients with aortic valve stenosis!! and in dogs with 
chronic volume overload.!? Studies of the isovolumic 
and ejection phases of contraction and diastolic com- 
pliance were carried out in conscious exercise-trained 
greyhounds previously fitted with instruments. The 
results were compared with those in normal dogs with 
similar instrumentation studied in our laboratory.?.!?.1? 
A preliminary report of this work has appeared else- 
where.!^ 


Methods 


Adult greyhounds (body weight 25 to 30 kg) were obtained 
after they had been culled from a 4 month race-training pro- 
gram or after the training program plus a racing career of 2 to 
18 months’ duration. The typical training program for racing 
greyhounds in the southwestern United States consists of 
daily sprint and endurance running lasting about 1 to 1 1/2 
hours but, because the dogs were not obtained from a single 
trainer, training may not have been identical in every animal. 
In addition, the animals had undergone a variable (1 month 
or less) period of deconditioning before the study. 

* Operative procedure and instrumentation: Ten race- 
trained greyhounds were anesthetized with pentobarbital (30 
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mg/kg body weight) or thiopental (30 mg/kg), and a left tho- 
racotomy was performed through the fifth intercostal space. 
The heart was cradled in the pericardium. A high fidelity 
micromanometer (Konigsberg Instruments, Pasadena, Cali- 
fornia, model P-20) and a polyvinyl catheter were introduced 
into the left ventricle by way of the apex and secured in place 
with purse-string sutures. Two 4.5 mm ultrasonic crystals! 
were implanted at the level of the left ventricular minor axis 
for measurement of instantaneous chamber diameter (Fig. 1). 
When it was certain that the signal from the transmitting 
piezoelectric crystal was being adequately received at the other 
crystal!® and that both crystals were against the endocardial 
surface, the crystal lead wires were stitched in place to the 
epicardium. Crystal placement was verified at autopsy. The 
lead wires and catheters were brought out of the thorax in the 
sixth intercostal space and tunneled under the skin to the back 
of the neck. The thoracotomy was closed in the routine man- 
ner, and the animals were allowed to recuperate for 7 to 10 
days before the first study. Both crystals were against the 
endocardial surface, the crystal lead wires were stitched to the 
epicardium and the pericardium was loosely reapproximated 
with two sutures. 

Studies in the conscious animal: The greyhounds were 
trained to lie quietly on the table and were studied under 
resting conditions two to five times over a period of 3 to 6 
weeks after the recovery period, and the data from each study 
were averaged. The lead wires for the ultrasonic crystals, the 
left ventricular high fidelity manometer lead cable and the left 
ventricular catheter were exteriorized and connected to the 
recording equipment. 

The left ventricular catheter was connected to a Statham 
P23Db transducer and served as a pressure reference for cal- 
ibration of the high fidelity manometer. Left ventricular 
pressure and a high gain representation of the 0 to 40 mm Hg 
pressure range of the left ventricular pressure (for determining 
left ventricular end-diastolic pressure) were recorded from 
both the catheter system and the high fidelity manometer. 
The time derivative of left ventricular pressure (dP/dt) was 
recorded from the high fidelity manometer only. We also re- 
corded the instantaneous left ventricular diameter from the 
ultrasonic crystals and a limb lead of the electrocardiogram. 
All signals were displayed on an eight channel Clevite-Brush 
recorder at paper speeds of 100 or 200 mm/sec. Data from five 
to six beats (one respiratory cycle) were averaged. 

After these variables were recorded under resting condi- 
tions, a volume load of up to 700 ml of 6 percent dextran in 
normal saline solution was rapidly infused intravenously 
through a percutaneous cannula. In most cases, this volume 
load was sufficient to increase left ventricular end-diastolic 
pressure from a resting value of 7 to 10 mm Hg to a value 
greater than 20 mm Hg. 

Morphologic studies: Each animal was then anesthetized 
and the heart fixed in situ by retrograde infusion of 2.5 percent 
glutaraldehyde into the aortic root while left ventricular 
pressure was maintained at the animal’s normal level of 
end-diastolic pressure using a reservoir connected to a cannula 
introduced into the left ventricle through the left atrial ap- 
pendage. Histologic sections were taken parallel to the long 
axis of the heart and stained with hematoxylin-eosin. Myo- 
cardial cell diameter was measured only in cells that were 
sectioned perpendicular to their long axis and that had a 
centrally located cell nucleus. The requirement that the sec- 
tion be perpendicular to the long axis of the cell was insured 
by restricting the observation to areas very close to midway 
between endocardium and epicardium where fibers are cir- 
cumferentially oriented. Measurements were obtained in 50 
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Ti FIGURE 2. Representative tracing 
DETTO UI EE Lye from an awake resting greyhound. 
FT: The left ventricular (LV) pressure 
EET. (top tracing) was obtained with the 
Hi implanted high fidelity microma- 
FTT nometer. The amplified left ven- 
tricular pressure (second tracing) 
was recorded for ease in deter- 
mining left ventricular end-diastolic 
| M. pressure (EDP). The third tracing 
EEEHH GB SH (dP/dt) was obtained by differen- 
UNES 3 tiating the left ventricular pressure 
signal through a Biotronix model BL 
PPTA E Ur Ld. 620 differentiating circuit. The di- 
Eako k] ameter of the left ventricular 
aoe LUELTTA d | chamber, obtained with the sono- 
ear micrometer crystals, is shown at 
0.1 sec bottom. 
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such cells in each heart. Normal myocardial cell diameters 
were obtained in six hearts fixed in an identical fashion. 


Hemodynamic and left ventricular dimensional 
measurements at rest: Figure 2 shows a representative 
tracing obtained in the resting state in an awake race- 


Results trained greyhound. Hemodynamic and left ventricular 


Left ventricular hypertrophy: Both left ventricular 
to body weight ratio (8.3 + 2.7 g/kg [mean + standard 
error of the mean]) and myocardial cell diameter (18.3 
+ 0.674) were significantly larger than in (1) normal 
dogs of the same body weight range (4.63 + 0.24 g/kg 
and 12.5 + 0.74, respectively; P «0.01) and (2) two 
greyhounds that had not undergone the rigorous 
training program (average 6.8 g/kg and 14.1 u, respec- 
tively).1417 These data suggest that although there may 
be a significant degree of hypertrophy in greyhounds 
due to genetic factors alone, trained greyhounds had 
even more extensive left ventricular hypertrophy. 


TABLE | 


dimensional data from studies of isovolumic and ejec- 
tion phase indexes of contractility in 10 awake dogs are 
shown in Table I. The data from two dogs in which only 
ejection phase indexes were measured and from one dog 
in which only isovolumic phase indexes were measured 
are included. Peak left ventricular systolic pressure, left 
ventricular end-diastolic pressure and peak left ven- 
tricular dP/dt averaged 143, 8.6 and 3,800 mm Hg/sec, 
respectively, and were not significantly different from 
values obtained in normal dogs.!? Heart rate averaged 
78 min“! and was significantly lower than that of nor- 
mal animals studied in the same laboratory (113 min~!) 


Hemodynamic Variables and Measures of Contractility in Awake Racing Greyhounds 





Ejection Phase 


Contractility 

End- Isovolumic Phase (fraction of initial 
Heart Diastolic Change in Contractility . length/sec) — 

Rate LVSP LVEDP Diameter LV Diameter (mm Hg; sec) Mean Max 

no (min^ !) (mm Hg) — (mm Hg) (cm) (36) MaxdP/dt —  dP/dUDP4O VCF VCF 

1 84 137 6 4.7 20.0 1.18 1.60 
"abe 49 137 5.5 4.4 24.6 oe Pg 1.28 1.68 
3 70 147 11 4.6 23.8 4500 99 1.36 1.89 
4 101 152 8.5 4.6 18.8 4300 84 1.38 1.68 
5 48 150 5.5 E il. 2900 60 i ge i3 
6 87 133 6.2 5.1 20.2 3200 71 1.39 1.83 
7 120 155 11 4.9 25.3 5000 103 2.05 2.64 
8 70 137 9 3.6 33.6 3100 68 2.27 2.40 
9 78 142 15 4.5 20.7 3400 81 1.40 1.83 
10 68 141 8.5 4.6 25.4 4300 84 1.55 2.26 
Mean 78 143 8.6 4.55 23.7 3800 81 1.54 1.98 
X SEM 7.2 2.2 1.0 0.17 1.6 250 5.4 0.12 0.12 


dP/dt/DP40 = time derivative of left ventricular pressure when developed pressure equals 40 mm Hg divided by the developed left ventricular 
pressure (that is, 40 mm Hg); LV = left ventricular; LVEDP = left ventricular end-diastolic pressure; LVSP = left ventricular systolic pressure; max * 
dP/dt = maximal value of time derivative of left ventricular pressure; Max VCF = maximal velocity of circumferential fiber shortening — maximal 
- time derivative of left ventricular diameter during ejection divided by end-diastolic diameter; Mean VCF = mean velocity of circumferential fiber 
shortening (end-diastolic diameter — end-systolic diameter)/end-diastolic diameter/ejection time; SEM — standard error of the mean. 
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TABLE il 


VENTRICULAR FUNCTION IN EXERCISE HYPERTROPHY—CAREW AND COVELL 


Comparison of the Isovolumic Phase and Ejection Phase Indexes of Left Ventricular Contractility in Racing Greyhounds and 


Normal Dogs in the Resting State 





Isovolumic Phase 
(mm Hg/sec) 


Max dP/dt 
Present study 3800 + 250 
(racing greyhounds) (no. — 8) 
Previous study 3810 + 330* 
(normal dogs) (no. — 6) 


* Data from Mahler et al. 1° 
t Data from Ross and McCullagh.? 
no. = number of dogs; other abbreviations as in Table |. 


under identical conditions.!? In the resting state the 
trained greyhounds tended to have a marked sinus ar- 
rhythmia associated with respiration. 

Table II compares the mean values of left ventricular 
and ejection phase contractility indexes observed in the 
trained greyhounds with those observed in normal dogs 
in our laboratory.?:? Peak left ventricular dP/dt aver- 
aged 3,800 mm Hg/sec, and the ratio of dP/dt to devel- 
oped pressure at 40 mm Hg averaged 81 sec ^!. Mean 
and peak circumferential fiber shortening rate!? aver- 
aged 1.54 and 1.98 cm/sec, respectively. 

Effects of volume loading: Figure 3 shows the av- 
erage values of hemodynamic measurements and in- 


Ejection Phase 
(fraction of initial length/sec) 


dP/dt/DP40 Mean VCF Max VCF 
8115.4 1.54 + 0.12 1.98 + 0.12 
(no. = 8) (no. = 9) (no. = 9) 

82:2 + 9.7” 1.43 + 0.127 f 
(no. — 6) (no. — 5) 


dexes of contractility at five points during a rapid 
infusion of dextran. The volume load was sufficient to 
raise left ventricular end-diastolic pressure from an 
operating level of 8.6 + 0.6 to 21.9 + 0.6 mm Hg. During 
the volume infusion heart rate was uncontrolled in these 
conscious animals and increased from 79 + 9.6 to 138 
+ 10.5 min^! (P <0.01). Left ventricular systolic pres- 
sure increased 6 percent over its control value of 156 + 
5.5 mm Hg (difference not significant), and end-dia- 
stolic diameter increased from 4.55 + 0.30 to 4.77 + 0.29 
cm (P «0.001 by paired t test). Neither stroke excursion 
nor mean rate of circumferential fiber shortening 
changed significantly from their respective control 





t 140 + abe p«.005* 

E 120 NS NS 

c 100 n:5 NS 

= 80 

COMPARED " 
W/TH CONTROL 
0. 2 x i N.S. 
| < 

ur E 150 M NS NS <a 

E 4.9 

o 

a 4.8 

ul 4.7 

i > 4.6 
FIGURE 3. Left ventricular hemodynamic indexes mea- ~ 
sured during a volume load of 6 percent dextran in saline e — 12 
solution in five awake trained greyhounds. Solid circles > € E [ 
represent mean values; bars represent standard error of — 4 S l.l 
the mean (SEM). The values below the solid circles rep- — ,, 
resent significance of differences between the indicated on 1.7 
mean value and the mean value at the next lower level 2 5 j¢ 
of left ventricular end-diastolic pressure by a two-tailed 2 2 , 
t test for paired data. ALVD = change of left ventricular E I.5 NS 
diameter during systole; HR — heart rate; LV dp/dt — Set ye NS 
maximal time derivative of left ventricular pressure; 2 b 4500 p«.05* 
LVEDD and LVEDP = left ventricular end-diastolic di- 5 œ 4100 : p NS 
ameter and pressure, respectively; LVSP = peak left — .. = 3700 TR us F. 
ventricular systolic pressure; n = number of dogs; NS = 2 E RNE. H " | =" 
not significant; p = probability; VCF = velocity of cir- "T 5 10 15 20 25 
cumferential fiber shortening during ejection phase of 
systole. LVEDP (mmHg) 
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TABLE III 


Effect of Volume Loading on Indexes of Contractility in Racing Greyhounds and Normal Dogs 


Isovolumic Indexes 


Ejection Indexes 


Heart Rate LVSP LVEDP (mm Hg/sec) fraction of initial length/sec 
(min—') pn Hg) (mm Hg) Max dP/dt dP/dt/DP40 ean V 
à Wwe i ACC TRAC BE 20 er LES E 
Racing Greyhounds (no. = 5 
Mean 79 138 156 165 8.6 21.9 3642 4346 87 90 1.60 1.70 2.11 2.16 
SEM 9.6 10.5 5 6 0.6 0.6 267 257 6 4 0.18 0.16 0.18 0.18 
P 0.005 NS 0.001 0.05 NS NS NS 
Normal dogs* (no. — 6) 

Mean 113 125 143 163 9.7 20.5 3890 4320 90 97.9 2.30 2.11 3.05 2.93 
SEM 8 12 4 5 p 1.3 400 360 9.9 9.1 0.24 0.20 0.25 0.27 
P NS 0.001 0.001 0.05 0.05 NS NS 


* Data from previous study. 13 


The absolute values of mean and maximal VCF observed in the previcus study in normal dogs? were systematically higher than those in this 
study but did not change with volume loading. At the more apical location of the ultrasonic crystals used in the former study the percent shortening 
of circumferential fibers is greater. '? C = control; | = intervention; volume load of 6 percent dextran; NS = not significant; P = significance by 


two-tailed t test for paired data. Other abbreviations as in Table |. 


values of 1.14 + 0.07 cm and 1.60 + 0.18 sec^!. During 
the volume load maximal dP/dt increased by 10 percent 
(P «0.05) over the control value of 3,940 + 270 mm 
Hg/sec. Table III summarizes the extent to which con- 
tractility indexes changed during volume loading in this 
study and in the previous study of normal dogs.!? 

Diastolic stiffness of the left ventricular chamber 
was assessed by plotting the relation between end-dia- 
stolic pressure and end-diastolic diameter during a 
volume load of dextran (Fig. 4). Although many of the 
individual sets of data points could be fitted to an ex- 
ponential function, as suggested by Noble et al.,!? to 
permit comparison among dogs in this study and with 
previously studied normal dogs, we used the simple 
linear least-squares fitted lines shown. The mean slope 
of the regression lines for the five dogs was 51.6 + 3.0 
mm Hg/cm. 


Discussion 


Significant left ventricular hypertrophy in the race- 
trained greyhounds was documented in our study by the 
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increased left ventricular to body weight ratio and in- 
creased myocardial cell diameter compared with values 
in hearts of normal dogs. We have shown in another 
study (preliminary results have been reported!) that 
left ventricular chamber diameter was approximately 
30 percent greater in hearts of trained greyhounds than 
in normal dogs of similar body weight. Left ventricular 
free wall thickness was also 50 percent greater in the 
trained greyhounds. 

Comparison with previous studies in normal 
dogs: Results of our study suggest that neither isovo- 
lumic phase nor ejection phase indexes of contractility?? 
are altered in the hypertrophied greyhound heart under 
resting conditions. The indexes of left ventricular con- 
tracility determined from high fidelity pressure ma- 
nometry data (for example, dP/dt at a developed pres- 
sure of 40 mm Hg) were remarkably similar to those 
found by Mahler et al.!? in a previous study of normal 
dogs using identical instrumentation. The mean velocity 
of circumferential fiber shortening, determined from 
left ventricular chamber diameter data (1.54 + 0.12 


FIGURE 4. Relation of left ventricular end-diastolic 
pressure (EDP) and end-diastolic diameter (EDD) during 
volume loading in five awake trained greyhounds. The 
lines represent the best (least squares) linear fit of the 
data points. The left ventricular diastolic stiffness coef- 
ficients (the slope of the fitted lines) were, from left to 
right, 51.5, 59.1, 53.8, 49.9 and 43.9 mm Hg/cm (meaa 
51.6 + 3.0). This value was not significantly different from 
the value of 45.9 + 5.9 mm Hg/cm previously observed 
in normal dogs in our laboratory. 12 


52 


VENTRICULAR FUNCTION IN EXERCISE HYPERTROPHY—CAREW AND COVELL 


sec!) was also not significantly different in the grey- 
hounds than in normal dogs studied by Ross and 
McCullagh? (1.43 + 0.12 sec^!). Their technique for 
measuring for left ventricular chamber diameter 
(cineangiographic measurement of subendocardially 
implanted lead markers), differed from ours, but they 
obtained their data from a location at or near the max- 
imal left ventricular diameter as in our study. Mahler 
et al.,1? using the same ultrasonic instrumentation we 
used, obtained higher values for mean and maximal 
circumferential fiber shortening rate (2.13 + 0.27 sec! 
and 2.72 + 0.26 sec^!, respectively, in six experiments). 
Measurements were obtained at a more apical location 
than in our study. LeWinter et al.?! recently showed 
that the extent of circumferential shortening, as a 
fraction of initial length, is almost twice as great near 
the apex of the heart as at the mid or basal portion of the 
left ventricle, and this may account for the apparent 
difference between the mean and maximal values for 
circumferential fiber shortening rate observed by 
Mahler et al. and by us. 

Under the stress of a volume load of dextran, the 
hypertrophied greyhound heart showed essentially the 
same response with regard to ejection phase and iso- 
volumic phase contractility indexes as the heart of 
normal dogs in a previous study.!? With volume load, 
there was no significant change in mean velocity of 
circumferential fiber shortening in either group, 
whereas maximal dP/dt increased about 10 percent in 
both groups. The pronounced increase in heart rate of 
75 percent above resting levels seen during volume 
loading was perhaps the most striking hemodynamic 
indication of the effects of race conditioning in the 
greyhounds. No comparable increase in heart rate was 
observed in normal animals after volume loading.!? 

The left ventricular diastolic stiffness measured 
from the slope of the curve of end-diastolic pressure and 
diastolic diameter was 51.6 + 3.0 mm Hg/cm in our 
study; this value is similar to the value of 45.9 + 5.9 mm 
Hg/cm observed in normal dogs in our laboratory.'? The 
diastolic stiffness of the left ventricle in the greyhounds 
was not different from that of normal dogs despite the 
large increase in myocardial mass and myocardial wall 
thickness. This is perhaps explained by the larger left 
ventricular chamber dimension in the hypertrophied 


greyhound heart. The increase in mean wall tension due 
to the larger minor axis dimension apparently com- 
pensates for the increase in wall thickness so that wall 
stress (wall tension divided by wall thickness) may not 
differ significantly from that in normal dogs, thus 
yielding a normal left ventricular diastolic stiffness. The 
finding of normal left ventricular diastolic stiffness 
suggests that the myocardium with exercise-induced 
hypertrophy should be capable of adjusting cardiac 
output by means of the Frank-Starling mechanism in 
a normal fashion. However, during volume loading it 
was quite evident that conditioned greyhounds had a 
pronounced tendency at least initially, to increase car- 
diac output, as a result of increasing heart rate; this 
“Bainbridge” type of reflex is not evident under similar 
conditions in untrained dogs.!? 

Clinical implications: In man, training and the re- 
petitive stress of exercise produce a variety of cardio- 
vascular changes that have been called the “athletic 
heart syndrome." 2!-25 The enlarged heart and gallop 
rhythm have led to the suggestion that the athlete's 
heart is in some sense diseased. A recent study by 
Roeske et al.,2° using various noninvasive techniques 
including echocardiography, provides evidence that the 
rate of circumferential fiber shortening and ejection 
fraction do not differ in highly trained athletes and 
normal subjects. Their study and our study in dogs 
support the view that “physiologic hypertrophy” rep- 
resents a useful adaptation to repetitive strenuous ex- 
ercise.?7 Moreover, because the animals in our study 
were no longer in the training program, the changes 
represent those of exercise-induced hypertrophy and 
do e necessarily represent those of conditioning as 
such. 

Our study demonstrates that left ventricular con- 
tractility during the isovolumic (maximal dP/dt) and 
ejection phases (rate of circumferential fiber shortening) 
of contraction is within normal limits in the trained 
greyhound at rest and under the stress of volume load. 
Because, in addition, the fractional change of diameter 
during systole (ejection fraction) and left ventricular 
diastolic compliance do not differ significantly from 
those of awake untrained animals, it appears that ex- 
ercise-induced hypertrophy is a physiologic adaptation 
and can be considered a variant of normal. 
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Problems related to cardiac anatomy and ultrasonic instrumentation affect 
the accuracy of echographic identification of endocardial echoes. A ca- 
daver model and 13 patients were studied, with direct identification or 
with the aid of echographic contrast techniques, to identify accurately 
the endocardial echo. The study showed that (1) echographic contrast 
agents delineate an endocardial echo in the central portion of the ul- 
transonic beam; (2) a specular reflector exists within the right ventricular 
cavity; (3) specular reflectors within the septum may give the false ap- 
pearance of border-forming echoes; (4) septal thickness varies by 1 to 
5 mm after the endocardial echo has been identified by the contrast agent; 
and (5) spurious echoes, related to a wide beam angle, can be confused 
with the endocardial echo. In light of these problems, three criteria were 
utilized for endocardial echo identification: the prominent notch in the left 
septal echo, the specular quality of the right septal echo, and the asso- 
ciation of multiple myocardial echoes moving in parallel. With these cri- 
teria, the endocardial echoes in 11 of the 13 patients could be accurately 
identified without the use of a contrast agent. The identification of these 
problems should provide helpful guidelines in developing more accurate 
and reproducible criteria for septal thickness measurements. 


Previous investigators!-? have recognized several potential problems that 
interfere with the accuracy and reproducibility of echocardiographic 
measurements of the ventricular septum. To improve the reproducibility 
of these measurements, it has been proposed that a standardized beam 
angle be selected.!4 Although this guideline significantly decreases the 
variation in measurements of septal thickness, the physician evaluating 
echograms needs to be aware of other problems that may interfere with 
accurate assessment or produce variation in the estimation of septal 
thickness. Accurate assessment requires that the physician be able to 
distinguish endocardial echoes from spurious echoes related to a diver- 
gent ultrasonic beam and from specular (mirror-like) reflectors within 
the ventricular cavities or the interventricular septum. Variation in es- 
timates of septal thickness may occur depending on the angle at which 
the beam crosses the septum or anatomic variation in septal thickness, 
or both. Although these problems are frequently mentioned, they havé 
not been studied with methods that allow accurate endocardial identi- 
fication. To identify these problems, we used a cadaver model and an 
echographic contrast agent that would enable us to delineate septal 
borders. 

The purpose of the study was fourfold: (1) to document the existence 
of spurious echoes, related to beam width, that might lead to misiden- 
tification of the endocardial echo; (2) to show that anatomic variations 
in septal thickness can occur despite the use of standardized guidelines; 
(3) to demonstrate that intraseptal and intraventricular specular re- 
flectors do exist; and (4) to evaluate criteria for identifying endocardial 
echoes after consideration of these problems. 
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SEPTAL THICKNESS MEASUREMENT—ALLEN ET AL. 


Methods 


The investigation included two methods: (1) echocardi- 
ographic recordings from a cadaver model; and (2) echogra- 
phic contrast studies in 13 patients. The cadaver was chosen 
in preference to an animal model because it allows precise 
identification of cardiac structures and permits removal of 
tissues to identify the origin of specific echoes. The cadaver 
also served as a model for studying an echographic contrast 
agent. In the cadaver model we studied the existence of spu- 
rious echoes, recorded echographic evidence of variations in 
septal thickness and evaluated the properties of sound re- 
flection from a contrast agent. To determine if these obser- 
vations apply to patients, we utilized an echographic contrast 
agent to identify the endocardial surface. This method has 
been established as the most accurate technique for identi- 
fying cardiac structures in a clinical investigation. 

The study was conducted using a Unirad Sonograf D in- 
strument. All recordings were made by one of two persons, 
using a 2.25 megahertz, 7.5 cm focused transducer 13 mm in 
diameter, and a 1856 Honeywell recorder. 


Cadaver Study 


The specimen was prepared for study in the following 
manner: A freshly embalmed cadaver was frozen and the 
tissue fixed in order to minimize anatomic distortion. Serial 
sagittal sections about 3 cm thick were cut through the chest 
wall. The section chosen for study was just medial to the 
junction of the anterior left ventricular wall and the ventric- 
ular septum. This section approximates the area of the ven- 
tricle traversed by the ultrasonic beam in standard echogra- 
phic recordings. The chest wall was removed so that the car- 
diac structures could be recorded at a gain setting comparable 
with that used in the clinical study. 

The following methods were utilized for ultrasonic ex- 
amination: The specimen was immersed in a water bath. To 
simulate a clinical study, the transducer was placed about 4 
cm from the septum at an angle that would allow the ultra- 
sonic beam to pass through the left ventricular cavity at the 
level of the chordal attachment to the mitral valve leaflets. 

The initial cadaver study evaluated the use of an echo- 
graphic contrast agent to determine if this technique would 
identify as endocardial borders echoes that were in the central 
or peripheral portion of the beam. We injected saline solution 
through an 18 gauge needle as the contrast agent. Initially, the 
needle was placed in a perpendicular position adjacent to the 
septal wall at a site within the central portion of the beam. The 
needle was then moved along both septal walls until it was 
barely visible in the periphery of the beam (Fig. 1). As the 
needle was moved to the periphery, it appeared to be within 
the central beam but further from the transducer. The echo- 
graphic contrast agent was injected into the left and right 
ventricular cavities to evaluate the relation between the needle 
echo in the central and peripheral beam locations and the echo 
identified as endocardial with the echographic contrast in- 
jection. There was some conjecture as to why echoes at the 
periphery of the beam appeared as distinct lines rather than 
as a continuous blend of echoes from a series of off-axis 
sources. We believe that this appearance can best be explained 
by the irregularity of the septal surface, which does not pro- 
vide an even surface for reflection. 

To identify an intraseptal specular reflector, and to dif- 
ferentiate it from an off-axis endocardial echo, we identified 
a penetrating branch of the left anterior descending coronary 
artery as a potential reflector. Once an echo was identified in 
_ the same location as the vessel, we carefully excised the vessel 
“leaving the endocardial surfaces intact so that the sources of 


ECHO CONTRAST AND CENTRAL BEAM ECHOES 





FIGURE 1. Echographic contrast and central beam echoes. The two 
series of echograms (1 and 2), show (A) the needle echoes at the pe- 
riphery of the beam (solid arrows), (B) the needle echo in the center 
of the beam (dashed arrows) and (C) the echographic contrast in- 
jections. In series 1, the echographic contrast agent is injected into the 
left ventricle (LV) and in series 2 into the right ventricle (RV). In both 
series, the contrast agent delineates septal borders (arrowheads) 
approximating the border within the central beam (dashed arrow) rather 
than the periphery. The needle echo can be identified by its motion. 


off-axis echoes would not be disturbed. Echograms were re- 
corded before and after the vessel was removed to document 
the origin of the specific set of echoes located in the same 
position as the artery. 


Echographic Contrast Studies in Patients 


Echographic contrast studies were performed in 13 pa- 
tients; 7 of these studies were used to demonstrate the prin- 
ciples outlined in this investigation. Each patient was selected 
after signing an informed consent form approved by the 
Hospital Research Committee. The study was performed in 
a cardiac catheterization laboratory as part of a routine 
catheterization. Indocyanine green was used as the contrast 
agent. Each study was made with the transducer placed along 
the left sternal border in either the third or the fourth inter- 
costal space. The patient was lying in a right anterior oblique 
position. The intercostal space used was selected because it 
permitted the mitral valve to be recorded without tilting the 
transducer in a superior or inferior direction (mid transducer 
position).* This position was used for each recording unless 
otherwise indicated. Once the mid position intercostal space 
was determined, several recordings were made at different 
transducer positions but within the same interspace, and any 
changes in the echogram were noted. Deliberate attempts were 
made to reproduce the findings observed in the cadaver study. 
The beam angle that crossed the junction of the tips of the 
mitral leaflets with the chordae tendineae was selected for 
each septal echographic recording. 

The echographic contrast agent was injected through a 
catheter in both the left and the right ventricles. The right 
ventricular injections were made using a power injector. 'T he 
initial injection, of 10 cc of saline solution and 1 cc of indocy- 
anine green, was made at a speed of 15 cc/sec. T'he speed was 
gradually increased, at increments of 2.5 cc/sec, until the 
contrast agent delineated a specific echo or abruptly stopped 
at an area that could be identified with a distinct echo at a 
selected beam angle. The echograms that best demonstrated 
the specific principle were chosen for illustration. Echographic 
contrast studies that showed reverberating contrast echoes, 
throughout the entire thickness of the septum were excluded." 
The power injector allowed us to titrate the injection carefully 
to achieve an echogram that delineated a specific echo as a wall 
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FIGURE 2. Off-axis extraseptal echoes. 
A, cadaver study; B, patient study. The 
drawing (left) illustrates off-axis 
echoes from a widened beam. The 
central endocardial echoes are identi- 
fied by the moving reflector (A) or 
echographic contrast agent (B). The 
arrows indicate off-axis echoes within 
the ventricular cavity in both studies. 
The middle recording (2) in B shows a 
more distinct central endocardial echo 
after adjustment of the beam angle. 


border without producing reverberating echoes within the 
septal surface. The left ventricular injection was made by hand 
because reverberating echoes within the septal surface were 
not a problem. 

The pictures chosen for illustration were often made sev- 
eral beats after the echographic contrast injection because 
premature beats were encountered with the injection. In 7 of 
the 13 patients studied, more than one measurement was 
obtained with the contrast agent. With each measurement, 
we recorded both the distance of the septum and the peri- 
cardial echo from the transducer. We assumed that the con- 
trast agent would delineate echoes within the central portion 
of the beam as the endocardial echo. If there was a difference 
in septal measurement and this difference was associated with 
a change in the distance of the septum or pericardial echo from 
the transducer, we assumed that this variation was related to 
a change in the angle at which the beam crossed the septum 
or to an anatomic variation in septal thickness. 


Sound Reflection Principles 


In analyzing our results, we considered the problem of beam 
angle focus. The ultrasonic beam cannot be accurately focused 
and spreads out over a finite angle. This explains why off-axis 
echoes occur. The finite beam width creates a potential 
problem in using echographic contrast agents to delineate 
cardiac borders. If echoes from the contrast injection are re- 
flected from a wide area of the beam, problems in identifica- 
tion of the anterior heart border will exist. Echoes reflected 
from the periphery of the beam will appear to be within the 
central beam but behind their actual location. Reflections 
from echographic contrast medium in the beam periphery 
would delineate echoes within the septal substance as the 
anterior septal border if they reached the transducer. 


Definition of Terms 


1. Central beam endocardial echo: the echo contiguous 
with the echographic contrast agent that fills a cardiac 
Chamber. 

2. Endocardial dropout: an indistinct central endocardial 
echo that can be delineated by using echographic contrast 
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material as an endocardial border and can be confirmed by 
using another beam angle and recording a distinct echo in this 
location. 

3. Off-axis echo: any echo reflected from a source outside 
of the central beam that appears in the echogram to be in the 
central beam but in a different plane from its anatomic loca- 
tion. 

4. Intraseptal reflector: an echo reflected from an intra- 
septal structure, such as a blood vessel wall. 

5. Septal thickness variation: Any variation recorded in 
the thickness measurement between two central endocardial 
echoes. 

6. Septal contour variation: variation in septal contour 
occurring when the position of the septum relative to the 
transducer varies but the thickness is unchanged. 

To document the existence of the various echographic 
phenomena, we made the following assumptions in inter- 
preting the echographic contrast study: 

1. An echographic contrast agent that is contiguous with 
a distinct echo in the vicinity of the septal border delineates 
the central endocardial echo from off-axis and tricuspid valve 
echoes. 

2. An echographic contrast agent delineates echoes within 
the central portion of the beam as septal borders (Fig. 1). 

3. Off-axis echoes do not reflect more sound than the center 
endocardial echo, but intraseptal reflectors may, if the beam 
angle favors the intraseptal reflector. 


Results 


Echographic contrast and sound reflection: In 
evaluating our study, we believed it important to de- 
termine if the echoes identified as endocardial echoes 
with the echographic contrast agent were in the central 
or peripheral portion of the ultrasonic beam. Using the 
cadaver model, we positioned the transducer so that it 
was perpendicular to a section of the septum covered 
by the width of the beam. In this situation, echoes re- 
flected from the periphery of the beam would appear to 


be within the central beam but further from the trans- ° 
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ducer than the central beam echoes. In the case of the 
right septal border, the peripheral beam echoes would 
appear to be within the septal echogram. Peripheral 
beam echoes from the left septal border would appear 
to be within the left ventricular cavity. 

To identify the border echo within the central beam, we 
positioned a needle perpendicular to the septum in the central 
portion of the beam just in front of the septal border. We 
identified the border echo within the central beam as the echo 
just behind the needle. We then moved the needle to the pe- 
riphery of the beam just in front of the left and right septal 
borders (Fig. 1). In the case of the right septal border, the 
moving needle echo appeared to pass through the central 
beam border echo and into the septal substance. The moving 
needle echo, when positioned at the periphery of the beam 
along the left septal surface, appeared to be within the left 
ventricular cavity when compared with the previously iden- 
tified central border echo. When the echographic contrast 
agent was injected into the right and left ventricular cavities 
(Fig. 1), the needle echoes at the periphery of the beam were 
distinctly separated and behind the borders delineated with 
the contrast agent. We believe that this observation confirms 
the fact that the needle positioned within the central beam 
and the echographic contrast agent used to identify a border 
echo closely approximate each other. In the patient studies 
we assumed that the echographic contrast agent identifies 
border echoes within the central beam. 

Spurious off-axis echoes: Figure 2 shows an example of 
off-axis echoes. In the cadaver study, a needle was used to 
identify the central beam endocardial echo. Echoes that re- 
flected less sound and appeared within the left ventricular 
cavity were identified as off-axis echoes. In the patient study, 
an echographic contrast agent was used to identify the central 
endocardial echo. Three echograms are shown that were re- 
corded at two different beam angles. The middle recording 
(B) shows distinct septal walls, and the thickness of the sep- 
tum matches the septal thickness determined with the echo- 
graphic contrast agent. The other two recordings (A and C) 
reveal intracavitary echoes; the contrast agent passes through 
the intracavitary echoes, documenting their off-axis origin. 
If the off-axis echoes are misinterpreted as septal borders, the 
septal measurement will be thicker than the actual dimen- 
sion. 
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FIGURE 3. Septal contour variation. The drawing 
(left) shows how septal contour variation can create 
multiple reflecting surfaces. If the transducer is po- 
sitionec to cross the septal border at points 1 and 2, 
two single echoes may be recorded. If the transducer 
is positioned to cross the septum at points 3 and 4, 
and the width of the beam allows reflection from 
points 1 and 2, a confusing series of echoes may be 
recorded (1-3-2-4). A represents septal echograms 
taken a! two sites to illustrate a change in contour but 
not in thickness. The arrows identify the posterior 
endocardial echoes. B shows a change in contour 
between recordings 1 and 2. The solid arrows identify 
septal borders; the dashed arrows show off-axis 
echoes related to the change in contour. The echo- 
graphic contrast agent identifies the posterior endo- 
cardial septal echo. 


Variation in contour is a septal characteristic that 
may lead to the misidentification of off-axis echoes as 
endocardial echoes. 

Figure 3 illustrates echograms from both a cadaver and a 
patient, showing a septum that can be recorded in different 
positions relative to the transducer. The dimensions of the 
septum do not vary; only its position. The recording in the 
cadaver study was obtained by placing the transducer in two 
locations. In the patient study, the variation occurred when 
one recording was made in the third and the other in the 
fourth intercostal space. The variation in the septal contour, 
noted in the echogram, was verified with a septal angiogram. 
The patient study illustrates how variation in septal contour 
can produce confusing off-axis echoes. In the patient's echo- 
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FIGURE 4. Same patient as in Figure 3. Echogram recorded before the 
echographic contrast study of Figure 3. The solid arrows outline a septal 
thickness consistent with the contrast studies. The dashed arrows show z 
borders originally identified as endocardial echoes. ECG = electro- 
cardiogram; IVS = interventricular septum. 


FIGURE 5. Septal thickness variation. 
The drawing (left) illustrates a change 
in septal thickness at different trans- 
ducer positions. A, the two recordings 
show a difference in septal thickness 
that was confirmed with direct mea- 
surement. The arrows identify the en- 
docardial surface of the right septal 
borders. The echographic contrast 
agent was used to identify endocardial 
echoes. B shows two echograms (1 
and 2) indicating different values for 


septal thickness. Both echograms were 
recorded in the same interspace using 
standard guidelines for beam angle 
adjustment. The arrows identify the 
right septal surface. 


gram, a septal dimension of 1.3 cm was measured when an 
echographic contrast agent was used to identify the central 
endocardial echoes. Both this measurement and the septal 
thickness measurement determined from the angiogram are 
compatible with mild septal hypertrophy. An echogram ob- 
tained before the echographic contrast study recorded a 
measurement of 2.0 cm (marked septal hypertrophy) (Fig. 4). 
In this echogram, off-axis echoes were misinterpreted as 
central endocardial echoes. 

Septal thickness variation: Figure 5 demonstrates vari- 
ation in septal thickness in both the cadaver and the echo- 
graphic contrast study. In the cadaver model, we deliberately 
moved the transducer so that it would reflect an actual dif- 
ference in septal measurement in a section of the septum that 
could be recorded with the transducer in the standard posi- 
tion. In the contrast study, when both central endocardial 
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echoes were identified, a 2 mm difference in thickness mea- 
surement occurred, although both septal echograms were re- 
corded using standard recording guidelines for septal thick- 
ness measurement. 

In seven patients we obtained two or more thickness 
measurements with the transducer in the same inter- 
space and the beam crossing the tips of the mitral valve. 
We were able to show variations in measurement as 
outlined in Table I. The variation in septal measure- 
ment and position, noted after spurious echoes had been 
eliminated, may be explained by the angle at which the 
beam crosses the septum or by anatomic variation in 
septal thickness, or both. The standard deviation noted 
in selected patients suggests that both the mean value 
and the range of measurements may help in evaluating 


Variations in Septal Measurement in Seven Patients 


Transducer to 


Transducer to 


edi vla Measure- Septal Thickness (cm) ^ Left Septal Surface (cm) Pericardium (cm) Clinical 

no. Sex (no.) Range Mean SD Range Mean SD Range Mean SD Diagnosis 

1 52M 2 1.1-1.2 4.0-5.1 12.8- 13.6 MS; MR i 

2* 33M 3 1.1-1.5 44-48 11.6-12.0 Acromegaly; right 
and left CA fistula 

3* 36M 4 1.0-1.3 1.1 0.14 5.1-6.0 5.3 O37 1144119 117 | Q24 Anomalous origin 
RCA 

4 42F 5 0.6-0.8 0.7 0.09 4.7-5.2 5.9 0.43 10.6-10.9 10.7 0.01 Chest pain 

5 31M 2 0.8-1.0 da T 6.9-7.0 T won, | e a E a. Pie ASHD 

6* 45M 7 1.0-1.5 1.28 0.2 4.0-4.6 §.5 1.1 11.1-12.0 11.8 0.41 MS; MR; pulm 
hypertension 

7 57F 5 1.9-1.4 136 0.05 4.54.7 4.6 0.1 11.4-11.4 11.4 ASHD; inf MI 


* These patients had septal variation of more than 2 mm, and separate measurements were made showing different beam crossing pathways 
(variation in measurement with variation in septal position). 

ASHD = arteriosclerotic heart disease; CA = coronary arterial; Inf MI = inferior wall myocardial infarction; MR = mitral regurgitation; MS = 
mitral stenosis; pulm = pulmonary; RCA = right coronary artery; SD = standard deviation. 
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septal thickness measurements in individual pa- 
tients. 

Intraseptal specular reflectors that may appear as the 
endocardial echo: Figure 6 shows an example of an intra- 
septal specular reflector. The origin of two of the intraseptal 
echoes was determined in the cadaver study. The intraseptal 
echoes were located in the same area as a septal branch of the 
anterior descending artery. Once the blood vessel was re- 
moved, the intraseptal echoes in the vicinity of the penetrating 
vessel disappeared. These echoes reappeared when the section 
was replaced. We were careful to preserve the endocardial 
surfaces as sources of off-axis intraseptal echoes and believed 
that this approach would allow us to separate intraseptal re- 
flectors from off-axis echoes. In the patient study, we were 
unable to remove a septal section and therefore relied on an 
indirect method of separating off-axis echoes from those re- 
flected from an intraseptal reflector. We excluded the off-axis 
reflector as the source of the intraseptal echo because this echo 
reflected more sound than the central endocardial echo, as 
defined with the echographic contrast studies. Some investi- 
gators may question whether intraseptal reflectors can reflect 
more sound than the central endocardial echo. The docu- 
mentation of endocardial dropout establishes that this may 
occur at selected beam angles. 

Figures 7 and 8 illustrate endocardial echo dropout. In the 
cadaver model (Fig. 7), a needle identifies the central endo- 
cardial echo. After the needle is removed, no echo is present. 
Without the needle to identify the wall, two other specular 
reflectors are noted that could be confused with an endocar- 
dial echo. A similar observation was made using echographic 
contrast techniques. In addition to an endocardial echo, there 
is an intraseptal echo that could be misinterpreted as the 
endocardial echo that “dropped out." The endocardial echo 
that forms the posterior septal border is not visible as a per- 
sistent echo. Only faint, intermittent recordings of this echo 
are noted. Figure 8 shows a similar finding and illustrates the 
specular qualities of endocardial echo reflection. 


Intraventricular reflectors: Anatomic analysis of 
the interventricular septum reveals a close anatomic 
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FIGURE 6. Intraseptal reflectors. The diagram (left) 
illustrates a branch of the left anterior descending 
coronary artery (shaded area) that may produce a 
distinct intraseptal echo. In A the intraseptal echoes 
disappear when the arterial branch is removed. The 
solid arrow indicates the endocardial echo identified 
with the needle reflector. A stronger intraseptal re- 
flector is indicated by the dashed arrow. B shows an 
intraseptal reflector (dashed arrow) that reflects 
more sound than the faint endocardial echo identified 
with an echographic contrast agent. 


relation between the tricuspid valve apparatus and the 
right septal surface. We assumed that the tricuspid 
valve echo would appear as a specular reflector and be 
enveloped by the echographic contrast agent because 
of its intraventricular position. An example of an echo 
that met this criterion is shown in Figure 9A. A similar 
echo was identified in 7 of the 13 patients studied. In 
evaluating these seven patients, we observed four con- 
sistent characteristics of the tricuspid valve echo that 
helped us to identify it without use of the contrast agent: 
(1) It appears as a specular reflector; (2) it does not have 
a group of closely associated echoes moving in parallel; 
(3) it is best recorded in the late diastolic phase (often 
dropping out in early diastole); and (4) its motion is 
unique compared with that of the surrounding echoes. 
The only echoes identified within the left ventricular 
cavity met the definition established for off-axis 
echoes. 

Identification of endocardial echoes: Such iden- 
tification becomes more difficult once one realizes that 
specular reflectors are located within the septum and 
right ventricular cavity. Because specular reflectors, 
such as the endocardial echoes, have a narrow reflecting 
angle, it is possible that small changes in beam angle will, 
cause these echoes to “drop out" completely or to appear 
only as faint reflectors. If we identified the right septal 
endocardial echo as the most intense border-forming 
echo, closely associated with a series of echoes moving 
in parallel, we could correctly identify the right septal 
endocardial echo in 11 of the 13 patients. Although this 
proved to be the most useful criterion for delineating 
this echo, it was not always reliable. In identifying the 
left septal echo, Feigenbaum? pointed out that, in ad- 
dition to its specular nature, the left septal endocardial 
echo has a prominent notch in end systole. In our study 
this notch was not visualized in each recording, but it 


FIGURE 7. Endocardial dropout. The 
diagram (left) illustrates an intraseptal 
reflector at a more perpendicular angle 
to the ultrasonic beam than to the en- 
docardium. In this situation echoes 1 
and 2 may be visible but echo 3 may 
"drop out." In A the arrow identifies a 
needle echo positioned next to the en- 
docardium, which has ''dropped out" 
(absent echo after needle removed). In 
B the solid arrow, next to the echo- 
graphic contrast agent, identifies the 
endocardial echo. The two dashed 
arrows identify intraseptal reflectors. 
The first solid arrow to the right of the 
dashed arrows identifies septal mus- 
cle. The solid arrow furthest to the 
right locates the position of the endo- 
cardial echo that "dropped out.” 
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FIGURE 8. Complete “dropout” of the posterior septal endocardial echo 
at a slight change in beam angle consistent with a narrow reflecting 
angle (solid arrows identify endocardial surfaces). The dashed arrow 
shows an intraseptal reflector that persists in both recordings (1 and 
2). 


would be identified in all 13 patients if repeated tracings 
were evaluated. In each case, the echo with the promi- 
nent notch corresponded to the left septal endocarcial 
echo identified with the echographic contrast tech- 
nique. 


Discussion 


The data from the cadaver and patient studies indi- 
cate that both endocardial misidentification and ana- 
*tomic variation in septal thickness should be considered 
by the echocardiographer in reporting septal thickness 
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measurements. Although the frequency of these prob- 
lems has not been determined, they should be suspected 
especially in patients whose echographic findings do not 
coincide with other clinical data. The cadaver model 
allowed direct identification of the central endocardial 
echo and the origin of an echo as an off-axis echo or as 
an intraseptal reflector. The echographic contrast 
studies utilized an indirect method of structure iden- 
tification and necessitated the assumptions given in the 
Methods section. Although these assumptions can be 
questioned, they appear to be valid because the findings 
of the patient studies were consistent with those of the 
cadaver investigation. In addition, other investiga- 
tors,9-? by comparing their results with other standards 
of measurement, have been able to substantiate that 
echographic contrast agents accurately define cardiac 
echo sources. 

Misidentification of endocardial echoes: Our in- 
vestigation is not the first study to consider endocardial 
misidentification. Roelandt et al.? mentioned that off- 
axis echoes can be confused with endocardial echoes, 
but their observation was not documented with echo- 
graphic contrast or cadaver model studies. Their pro- 
posed solution—identifying the central endocardial 
echo as the strongest reflector in the vicinity of the 
cardiac border—did not prove reliable in either our 
cadaver or patient studies. The criteria outlined in the 
Results section may be helpful in accurately identifying 
endocardial echoes, but a prospective correlative study 
is required to establish further the reliability of this 
approach. 

Previous investigators? have reported that the echoes 
of the tricuspid valve apparatus can be distinguished 
from those of the right septal border by an anterior 
systolic motion. Our studies, using echographic contrast 
techniques, indicate that, although the motion of tri- 
cuspid echoes does differ from that of septal echoes, this 
difference may vary from patient to patient. We believe 
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that describing a series of characteristics of this echo 
may be more helpful in identifying it. Further studies 
are needed to test this hypothesis. 

Variations in septal thickness measurement: Our 
study also evaluated variations in septal measurement 
that might occur because of changes in anatomic 
thickness. Previous references to this problem have 
been made,!? but we are not aware of any attempt to 
document such changes using the established guidelines 
to minimize variations in septal measurements. Our 
initial observation indicates that changes of 1 to 5 mm, 
related to variation in beam angle or anatomic thick- 


FIGURE 9. Echograms. A shows 
the echographic contrast agent that 
delineates the right septal border as 
a prominent peripheral echo with 
closely associated myocardial 
echoes. B shows an intraventricular 
echo (top arrow) that is clearly 
separated from the right border 
echo (lower arrows). Note the 
close association of the right border 
echo with the myocardial echoes. 


ness, or both, can occur. The effect of this variation on 
the determination of septal thickness measurements 
needs to be evaluated in further studies. 

Implications: The echocardiogram offers the clini- 
cian a valuable noninvasive tool for cardiac diagnosis 
and measurement of septal thickness. Previous studies 
have established the reliability of these methods. Rec- 
ognition of the factors outlined here should help the 
investigator design studies to improve the reliability of 
the echographic measurements and should help the 
echocardiographer to be aware of errors related to 
technical recording factors. 
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DOUBLE STRENGTH 
EFFERVESCENT TABLETS 


Each effervescent tablet in solution supplies 50 mEq potassium as bicarbonate and citrate. 


And in good-tasting 
orange and lime flavors 


m Easy dosage to remember in 
preferred liquid form—50 mEq 
potassium/tablet. 


m Eliminates multidose confusion 
when taken concurrently with 
other drugs. 

a A record of safety...no reports of 


Gl ulceration in over a decade 
of use of original K-LYTE?* 


a Cost is less than a diet of 
potassium-rich foods. 


* See Prescribing Considerations 


Prescribing Considerations 
Indications: K-LYTE DS. is an oral potassium eee for therapy or prophylaxis of potassium 
deficiency. It is particularly useful when thiazide diuretics, corticosteroids, or severe vomiting and 
diarrhea cause excessive excretory potassium losses; and when dietary potassium is low. Carefully 
monitored, K-LYTE DS may also be useful for potassium replacement where digitalis intoxication 
results in cardiac arrhythmias. 
Contraindications: Impaired renal function with oliguria or azotemia; Addison's disease; 
hyperkalemia from any cause. 

arnings and Precautions: Since the amount of potassium deficiency may be difficult to determine 
accurately, supplements should be administered with caution, and dosages adjusted to the require- 
ments of the individual patient. Potassium intoxication rey occurs in patients with normal kidney 
function. Symptoms of potassium intoxication are variable. They include listlessness, mental confusion, 
and tingling of the extremities. Frequent checks of the clinical status of the patient, ECG, and serum 
potassium level are desirable. In established hypokalemia, attention should also be directed toward 
other potential electrolyte disturbances. Potassium supplements should be given cautiously to 
digitalized patients and such patients should be monitored by ECG for cardiac irregularities. To mini- 
mize the possibility of gastrointestinal irritation associated with the oral ingestion of concentrated 
potassium Salt preparations, patients should be carefully directed to dissolve each dose 
completely in the stated amount of water. 
Adverse Reactions: Nausea, vomiting, diarrhea, and abdominal discomfort may occur with the use of 

otassium salts. 

osage and Administration: Adults: 1 tablet completely dissolved, 1 to 2 times daily, depending 
upon the requirements of the patient: 1 tablet (50 mEq. potassium) in 6 to 8 ounces of cold or ice 
water. The normal adult daily requirement is approximately 50 mEq. of elemental potassium. 
NOTE: It is suggested that K-LYTE DS be taken with meals and sipped slowly over à 5-10 minute 


period. 
How Supplied: K-LYTE DS effervescent tablets orae or lime flavors) are available in cartons of 30 


individually foil-wrapped tablets. Also available, K-LYTE (25 mEq. potassium) effervescent tablets 
(orange or lime flavors) in cartons of 30 and 250. 
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Here's why... 


Nashua makes heat sensitive recording 
chart paper by an exclusive process that 
puts a bubble-type coating on its paper 
instead of a solid layer of plastic (the 
conventional blush-type coating). The 
result is a lighter weight coating (almost 
30% lighter), that: 


e requires minimum heat 

e minimum torque to drive stylus 
e eliminates stylus build-up 

e reduces stylus wear 

If you want highest performance for your 
hot stylus recorders, ask your vendor if 
the charts they supply are made by 
Nashua...the prime source chartmaker. 
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LITHICRON-F 
PACER PROGRAMMER 


FUNCTIONALLY AND 
ESTHETICALLY 


SUPERIOR 


Beautifully designed... lightweight... 

compact...cordless...non-invasive 

.. latest in electronic programming 
(non-magnetic)...provides information 
directly from the pacer...relays new 
commands from the physician. 

Supplies accurate digital readout of 
actual pacer rate and pulse width... provides 
sensitivity adjustment capability for 
problem cases...simply select new 
operating parameters, transmit the data, 
and the pacer is reprogrammed. 

Powered by rechargeable battery or 
A.C. operation via the charger... permits 
freedom of movement in the office, 
treatment room or operating room... 
eliminates danger from electrical grounding 
hazards...can be used to check the 
pacemaker prior to implantation while 
still in its sterile package. 























Ingenious, functionally designed 
programmable pacemaker..."talks" with 
the Lithicron-F Programmer...relays 

. information about pacer rate and pulse 
width...responds instantly to commands 
given through the programmer. 

Assembled from ultra-high reliability 
components...CMOS hybrid circuitry 
increases reliability and reduces pacer 
size...biocompatible titanium case... 
redundant hermetic sealing (power cell 
and electronics individually hermetically 
sealed within outside case)... not 
susceptible to external interference... 
potential longevity ranges to 15 years 
depending on lead, pacing rate and pulse 
width setting. 
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Take the guesswork out of pacemaker 
programming. Place the programmer over 
the implanted pacer and get a quick 
update: on the pacemaker status. Or set 
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nts in rate or pulse width and get 
digital readout as the changes 
z 0 adjust sensitivity if 
d are assured that the prenne 
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TO COMPLETE THE REHABILITATION PROGRAM... 


PACER-CHECK’ SYSTEM 
FOR TRANSTELEPHONIC 
PACER FOLLOW-UP 


(és8)| Medcor 


The ESB Medcor Pacer-Check 
System enables the physician to evaluate 
pacer performance and other patient data 
by means of a conventional telephone. 

The Pacer-Check System consists of 
two components: a portable patient 
transmitter and a physician’s receiver. 
The receiver provides an ECG strip 
indicating pacer artifacts for determination 
of capture and sensing. In addition, a 
digital readout of the pacer rate, interval 
and pulse width is displayed. 

The Pacer-Check Monitoring System 
provides the clinician with accurate and 
timely data by phone in order to provide 
maximum pulse generator longevity, 
detection of pacemaker malfunction, 
prevention of premature pulse generator 
replacement, and promotion of patient 
safety. 

For additional information about any 
of the ESB Medcor systems contact your 
ESB Medcor representative or call: 


ESB Medcor, Inc. 


5920 Rodman Street 
Hollywood, Florida 33023 


Telephone: 800-327-9780 (toll-free*) 
*Florida residents please call 305-966-5900 
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pacer problem: 
lead dislodgement 


permanent solution: 
CORATOMIC ENDO-LOC 


The slender profile of the L-40 
makes lead placement easier and 
exact. 


The remote actuator allows you 
to lock the lead when you re 
ready, adjust if necessary, and 
eliminates lead tip movement. 


For further information about 
this breakthrough in the field of 
cardiac pacing, write: Marketing 
Services, Coratomic, Inc., P.O. 
Box 434, Indiana, PA 15/01. 


"v 
When you choose to use the L-40 
with one of our biocompatibly 
superior lithium or isotopic 
pacemakers, you will have 
selected the finest pacing system 
available today. 


Gem tomer 
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The Role of Walking 


Exercise-induced pain is a cardinal symptom of 
Peripheral Vascular Disease. Often, because of inter- 


mittent claudication, patients may tend to exercise... even 
to walk...as little as possible. 

Studies t have demonstrated that a program of 
regular walking exercise can significantly extend the 
distance and time these patients can walk without claudi- 
cation. In one study walking exercise of one hour daily 
has been shown to effect noticeable improvement in a 
month. After six 
months, pain - 
free walking 
increased to 
twice that of 
pre-exercise 
levels. 

Investiga- 
tors have at- 
tributed the 
improvement to 
vasodilating 
effects of exer- 
cise, increased venous return and development of the 
collateral circulation. It is clear that exercise produces a 
tolerance for more exercise, and a program of regular 
walking, in the absence of any contraindications, appears 
to be an appropriate measure in the management of 
Peripheral Vascular Disease. 


The Value of Proper Gait 


Patients often compensate for claudication in calf 
muscles by adopting a shuffling gait. This “shuffling” 


utilizes calf muscles only minimally. 

The diagram on this page illustrates the normal gait 
— described as "heel-and-toe" walking. Patients who 
are encouraged to become more conscious of their gait 
and to walk properly will utilize calf muscles to a greater 
degree — and maximize the therapeutic effects of a 
prescribed walking program. 


* 
i 
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HEEL STRIKE 


Pa cadit dopo civ RIE Ee LEE nardo N TER T BIB UNE 
You can obtain a more detailed version of this chart, explaining heel-and-toe walking to patients, from your USV 
Representative or by writing to Medical Department, USV Laboratories Inc., Tuckahoe, N.Y. 10707 


The new prescription for Peripheral Vascular Disease 


Aridin 


(nylidrin HCI) 










TA bibliography of published 
papers on therapeutic walking is 
available upon request. 


LABORATORIES 
USV Laboratories Inc. 
Manati, P.R. 00701 


PROPER HEEL-AND-TOE WALKING 


I he Kole ot Arlidin" (nylidrin HUI) 


Arlidin improves blood flow by dilating responsive 
vessels in skeletal muscles. The symptoms of ischemia 


may therefore be relieved thus encouraging the patient to 
begin or continue with an appropriate exercise program. 
Furthermore, Arlidin maintains mean arterial 
pressure, thus maximizing delivery of blood to ischemic 
areas and minimizing the risk of postural hypotension. 
Its vasodilating effect in skeletal muscles and mainte- 
nance of mean arterial pressure make Arlidin an appro- 
priate adjunct 
to other meas- 
ures —such as 


P | +  Walking—inthe 


management of 
Peripheral Vas- 
cular Disease.* 
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PUSH-OFF HEEL STRIKE 


Brief Summary 































*Indications: Based on a review of this drug 
by the National Academy of Sciences — 
National Research Council and/or other 
information, FDA has classified this drug as 
"possibly" effective for peripheral vascular 
disease and circulatory disturbances of the 
inner ear Final classification of the less- 
than-effective indications requires further 

investigation. 


Contraindications: Acute myocardial 
infarction, paroxysmal tachycardia, 
progressive angina pectoris and 
thyrotoxicosis. Warnings: In pa- AT. 
tients with cardiacdiseasesuchas “4% 
tachyarrhythmias and uncom- i Ae 
pensated congestive heart fail- E. Eh rs. 
ure, the benefit/riskratio should ff % E UU 
be weighed prior to therapy Ke ey ~ (uU. 
and reconsidered at intervals wo Ua 1 
duringtreatment. Adverse Re- 
actions: Trembling, nervous- 
ness, weakness, dizziness (not 
associated with labyrinthineartery 
insufficiency). palpitations, nausea 
and vomiting may occur. Postural hy- 
potension, while not reported, may 
alsooccur. Dosage: Crally, 3to 12 mg. 
three or four times a day. How Sup- 
plied: White, scored tablets, 6 mg 
and 12 mg. Bottles of 100 and 1000; 
single-dose blister packs. boxes of 
100 (10 x 10 strips). 
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The Pacing for Life™ Warranty 
provides this assurance to the 
patient who receives 

Medtronic Xyrel*- VL or 

Xyrel*- VP pulse generators: If 

the pulse generator fails to 

function within normal 

tolerances for any reason 

(including exhaustion of the 

battery or other component), 
Medtronic will provide for the 
patient a functionally 

comparable Medtronic® pulse 
generator at no charge. In 

addition, if the failure is due to a 
defect in materials or workmanship, 
Medtronic will reimburse the patient 
for up to $450.00 of reasonable, 
uninsured medical expenses incurred 
in connection with the replacement. 


This same warranty will apply to any 
Medtronic” replacement pulse generator 
supplied pursuant to its terms.* 








NOW AVAILABLE FOR YOUR PACEMAKER | 
PATIENTS FROM MEDTRONIC® 





That's right, doctor. If your patient receives a Xyrel*- VL or 
Xyrel*-VP pacemaker, Medtronic will provide a lifetime 
pacemaker replacement guarantee. If the pacemaker 
fails for any reason — any reason — Medtronic will re- 
place it. Free. 


For further information on the pacemakers covered by 
the Pacing for Life™ program, contact your Medtronic 
representative, or write or call Medtronic directly at 3055 
Old Highway Eight, Minneapolis, Minnesota 55418. (612) 
574-4000 





XYREL*-VP XYREL®-VL | 


Pacing for Life™, Xyrel* and Medtronic* are trademarks of Medtronic. Inc., Minneapolis, Minnesota US A 


See disclosure statement on following page 
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MEDTRONIC* 
IMPLANTABLE PULSE GENERATORS 


INTENDED USES 

Ventricular pacing using an implantable 
ventricular pulse generator is for long-term 
therapeutic control of heart rate in patients with 
impulse formation or conduction disorders 
leading to bradyarrhythmias, tachyar- 
rhythmias and heart block (see product label- 
ing for detailed list of intended uses). 


CONTRAINDICATIONS 
There are no known contraindications to the 
use of pacing as a therapeutic modality forthe 
control of heart rate. The patients age and 
medical condition, however, may dictate the 
particular pacing systems and implantation 
procedure used by the physician. 


WARNINGS 

Diathermy should not be used on patients with 
pacemakers because of possible heat 
damage to electronic components. Elec- 
trosurgical units should never be used in the 
vicinity of unipolar pulse generators or bipolar 
pulse generators implanted in the unipolar 
mode because of danger of introducing 
fibrillatory currents into the heart via the 
implanted pulse generator/lead. Pulse 
generators may be damaged by defibrillatory 
discharges if the paddles are placed over the 
implanted pulse generator. 


PRECAUTIONS 

The physician should be aware that all pulse 
generators will ultimctely cease to function, 
and may fail at any time due to random com- 
ponent or battery failures which cannot be 
predicted prior to failure. Also, that the pacing 
system may cease to function at any time due 
to lead-related problems such as displace- 
ment, fracture, fibrotic tissue formation, and 
elevated thresholds, and that proper operation 
may be affected by electrical interference 
from equipment using electrical energy, or 
medical complications. 


SIDE EFFECTS 
Body rejection phenomena, including local tis- 
sue reaction, muscle and nerve stimulation, in- 
fection, erosion of pulse generator /lead 
through skin, transvenous lead-related throm- 
bosis, embolism and cardiac tamponade. 


Fo Medtronic 


Medtronic, Inc. 
3055 Old Highway Eight 
Minneapolis, MN 55418 





ALDACTONE® 


(spironolactone) 25 mg. tablets 


WARNING 
Spironolactone has been shown to be a tumorigen in chronic toxicity studies in 


rats ae Warnings). Aldactone should be used only in those conditions 
described under Indications. Unnecessary use of this drug should be avoided. 





Indications: Diagnosis and treatment of primary hyperaldosteronism. Essential 
hypertension, edema of congestive heart failure and the nephrotic syndrome, when other 
measures are considered inappropriate. Cirrhosis of the liver accompanied by edema 
and/or ascites. Hypokalemia. 

Contraindications: Anuria, acute renal insufficiency, significant impairment of renal 
function, or hyperkalemia. 

Warnings: Excessive potassium intake may cause hyperkalemia. Potassium sup- 
plements should not be given with Aidactone. Do not administer concurrently with other 
Dotassium-sparing diuretics. 

Spironolactone has been shown to be a tumorigen in chronic toxicity studies in rats. In 
one study using 25, 75, and 250 times the usual daily human dose (2 mg./ kg.) there was a 
statistically significant dose-related increase in benign adenomas of the thyroid and testes. 
in female rats there was a statistically significant increase in malignant mammary tumors at 
the mid-dose only. In male rats there was a dose-related increase in proliferative changes in 
the liver. At the highest dosage level (500 mg./kg.) the range of effects included 
hepatocytomegaly, hyperplastic nodules and hepatocellular carcinoma; the last was not 
statistically significant. 

Precautions: Patients should be carefully evaluated for possible disturbances of fluid 
and electrolyte balance. Hyperkalemia may occur in patients with impaired rena! function or 
excessive potassium intake and car cause cardiac irregularities which may be fatal. 
Hyponatremia may be caused or aggravated, especially when Aldactone is administered in 
eombination with other diuretics. Transient elevation of BUN and/or mild acidosis may 
eccur. Aldactone potentiates the effect of other diuretics or antihypertensive agents, 
particularly ganglionic blocking agents: therefore the dosage of such drugs should be 
reduced by at least 50 percent when adding Aldactone. Gynecomastia may develop and in 
rare instances some breast enlargement may persist. Vascular responsiveness to 
norepinephrine may be reduced. 

Spironolactone may cross the placental barrier. Use in pregnant women requires that the 
anticipated benefit be weighed agains! possible hazard to the fetus. Breast feeding should 
be discontinued when Aldactone is being used. 

Adverse Reactions: Gynecomastia is observed not infrequently. Gastrointestinal symp- 
toms including cramping and diarrhea. drowsiness, lethargy, headache, maculopapular or 
erythematous cutaneous eruptions, urticaria, mental confusion, drug fever, ataxia, inability 
to achieve or maintain erection, irregular menses or amenorrhea, postmenopausal 
bleeding, hirsutism and deepening of the voice. Carcinoma of the breast has been reported 
but a cause-and-effect relationship has not been established. Adverse reactions are 
usually reversible upon discontinuation of the drug. 

Dosage and Administration 

For primary hyperaldosteronism: 400 mg. daily for three to four weeks (long test), or 
for four days (short test). For preparation for surgery or for long-term maintenance therapy, 
100 to 400 mg. daily. 

For edema in adults: Initial daily dosage is 100 mg. in divided doses but may range from 
25 to 200 mg. daily. If after five days an adequate diuretic response has not occurred, a 
second diuretic which acts more proximally in the renal tubule may be added. The dosage 
of Aldactone should remain unchanged when other diuretic therapy is added. 

For edema in children: Initial daily dosage should provide approximately 1.5 mg. per 
pound of body weight (3.3 mg./kg.) in divided doses. 

For essential hypertension: Initial adult daily dosage of 50 to 100 mg. in divided doses, 
aione or with diuretics which act mere proximally in the renal tubule, or with other 
antihypertensive agents. Continue treatment for at least two weeks since maximal 
response may not occur before this time. Adjust subsequent dosage according to patient 
response. 

or hypokalemia: 25 to 100 mg. daily in divided doses. 


Searle & Co. 
SEARLE San Juan, Puerto Rico 00936 


Address medical inquiries to: 

G. D. Searle & Co. 

Medical Communications Dept. 

Box 5110 

Chicago, Illinois 60680 719 
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The Delicate Balance. 


Unfortunately, Fortunately, 
. electrolyte imbalance concomitant diuretic therapy 
Is often a problem during with Aldactone* (spironolactone) 
digitalis therapy. can help maintain the 
And most diuretics delicate electrolyte balance... 
worsen the problem. when other measures won't do. 


Despite its therapeutic value in congestive heart Consider these benefits in avoiding the problems 
failure, digitalis has a narrow margin of safety and associated with digitalis therapy: Aldactone provides 
toxic levels produce an effect on electrolytes which gradual and sustained diuresis . . . works through a 
increases intracellular sodium and decreases intra- unique mechanism by which it competes for aldo- 
cellular potassium, thereby slowing conduction sterone receptor sites to normalize body potassium, 
in cardiac tissues. At the same time, because CHF and consequently prevents hypokalemia with limited 
encourages sodium build-up and consequent risk of hyperkalemia®”. . . does not adversely affect 
edema, concomitant use of diuretics is often indi- serum calcium, magnesium and uric acid levels or 
cated. |; Use of most diuretics glucose tolerance. 
A 
Ca 













can increase problems for the cg Aldactone is indicated for 
patient on digitalis, and exces- management of edema and 
sive loss of potassium caused sodium retention in those pa- 
by potent diuretics is a fre- tients with congestive heart 
quent cause of digitalis toxic- failure who are taking dig- 
ity. ^? Potassium depletion italis, or in the treatment or 
sensitizes the myocardium to prevention of hypokalemia in 
digitalis and can set the stage patients taking digitalis, | 
for serious cardiac arrhyth- when other measures are | 
mias even with normal considered inadequate or 
dosage.? g Clearly, any inappropriate. |; When 
diuretic choice should be diuretic therapy is indicated, 
carefully analyzed for its prescribe Aldactone to help 
effectonelectrolytebalance. preserve the delicate bal- 
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DIGITALIS 


PO; 


ALDACTONE 


Thiazides, for example, 
can induce hypokalemia, 
hypercalcemia, hypomag- 
nesemia, and hypophos- 
phatemia.^ They can also 
decrease uric acid excre- 
tion and impair glucose 
tolerance. In treatment 
with furosemide, too, 
fluid and electrolyte im- 
balance is the most 
common form of 
clinical toxicity. 





ance of electrolytes during 
digitalis therapy. 


1. Kirkendall, W.M.: What's With Hypertension These 
Days? Consultant 77:13-15 (Jan.) 1971 
2. Maronde, R.F.; Milgrom, M. and Dickey, J.M 
Potassium Loss with Thiazide Therapy, Am. Heart J 
78:16-21 (July) 1969 
3. Cardiac Glycosides, Section 4, in Kastrup, E. K. 
(Editor): Facts and Comparisons, St. Louis, Facts and 
Comparisons, Inc., Jan. 1975, pp. 140-141C. 
4. Weibert, R. T.: Heading Off Adverse Reactions 
Thiazide Diuretics, Curr. Prescr. 3:62-69 (Oct.) 1977 
5. Mudge, G. H., Diuretics and Other Agents Em- 
ployed in the Mobilization of Edema Fluid, Chapter 
39, in Goodman, L. S., and Gilman, A. (Editors): The 
Pharmacological Basis of Therapeutics, ed. 5., New 
York, Macmillan Publishing Co., Inc., 1975, pg. 836 
6. Laragh, J. H.: Diuretics in the Management of * 
Congestive Heart Failure, Hosp. Pract. 5:43-50 
(Nov.) 1970 
7. Tobian, L. J., Jr.: The Clinical Approach to Essen- 
tial Hypertension, Hosp. Pract. 70:33-44 (July) 
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Aldactone 


(spironolactone) 25 mg. tablets 


Before prescribing, please consult the complete prescribing information, a brief summary of which follows. 
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e Optimum gray scale in echocardiography 
producing high quality images 


e Synchronous display of A-mode, M-mode, TGC and ECG 
on one high resolution viewing monitor 


e Phono/Pulse and ECG standard in basic unit 
e Most compact system offered with integral strip chart recorder 


e Designed for convenience and ease of operation 
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Please see Brief Summary on last page 
Before prescribing Minipress, WARNINGS 
and DOSAGE AND ADMINISTRATION 





YEARS OF BLOOD PRESSURE 
CONTROL...WITHOUT COMPROMISE 
OF VITAL ORGANS 


MINIPRESS 


TITRATION IS 

KEY TO 
SUCCESSFUL 
ANTIHYPERTENSIVE 
THERAPY 


Capsules Img,2mg,5mqg 


(OraZOSIN HCI) 





TITRATE 


Gag ss 
Gag sr 


OR 


Gag sv 
im om 
im x 


TITRATE 


ALWAYS 
START 
1mgt.id. 
"e ii 

rid 


PFIZER — rn 
MR 


USUAL MAXIMUM DAILY DOSAGE: 20 mg given in divided 
doses (D./.d. or t.i.d. ). A few patients may benefit from further 
increases up to a daily dose of 40 mg given in divided doses. 





a Initial therapy: Whether using Minipress in 
combination with other agents or alone, the start- 
ing dosage is 1 mg t.i.d. If response is not adequate 
by the next visit, the dosage should be increased 
to 2 matid. 


= Dosage titration: Thereafter, titrations of 
Minipress should be carried out according to 
patient response. Dosage may be slowly increased 
to a daily maximum of 20 mg given in divided 
doses. Although some patients may be controlled 
on 1 mg ti.d., generally 6 mg to 15 mg daily will 

be needed in the majority of responding patients 


In order to achieve optimal blood pressure control. 


m Maintenance therapy: After initial titration. 
patients may be maintained on a b.i.d. ort.í.d. 
dosage regimen. 

= If optimum control is not achieved in patients 
receiving Minipressand a diuretic, consider adding 
another Step 2 antihypertensive agent. 

= lfoptimum control is not achieved with Minipress 
as the initial agent, consider adding a diuretic. 

= When adding a diuretic or other antinyperten- 
sive agent, Minipress dosage should be reduced 
to 1 mg or 2 mg t.i.d. and retitrated as needed. 

= Available in 1-mg, 2-mg, and 5-mg capsules. 


REMOVE PAGE AND FOLD ALONG DOTTED LINE AND SAVE FOR REFERENCE 


BRIEF SUMMARY 

MINIPRESS* (prazosin hydrochloride) Capsules For Oral Use 
INDICATIONS. MINIPRESS (prazosin hydrochloride) is indicated in the 
treatment of hypertension. As an antihypertensive drug, it is mild to 
moderate in activity It can be used as the initial agent or it may be 
employed in a general treatment program in conjunction with a diuretic 
and/or other antihypertensive drugs as needed for proper patient 
response 

WARNINGS. MINIPRESS (prazosin hydrochloride) may cause syn- 
cope with sudden loss of consciousness. In most cases this is 
believed to be due to an excessive postural hypotensive effect, 
although occasionally the syncopal episode has been preceded by 
a bout of severe tachycardia with heart rates of 120-160 beats per 
minute. Syncopal episodes have usually occurred within 30 to 90 
minutes of the initial dose of the drug;occasionally they have been 
reported in association with rapid dosage increases or the in- 
troduction of another antihypertensive drug into the regimen of a 
patient taking high doses of MINIPRESS (prazosin hydrochloride). 
The incidence of syncopal episodes is approximately 1% in pa- 
tients given an initial dose of 2 mg or greater. Clinical trials con- 
ducted during the investigational phase of this drug suggest that 
syncopal episodes can be minimized by limiting the initial dose of 
the drug to 1 mg, by subsequently increasing the dosage slowly, 
and by introducinc any additional antihypertensive drugs into the 
patient's regimen with caution (see DOSAGE AND ADMINISTRA- 
TION). Hypotension may develop in patients given MINIPRESS who 
are also receiving a beta-blocker such as propranolol. 

If syncope occurs, the patient should be placed in the recumbent posi- 
tion and treated supportively as necessary. This adverse effect is self- 
limiting and in most cases does not recur after the initial period of therapy 
or during subsequert dose titration 

Patients should always be started on the 1 mg capsules of MINIPRESS 
(prazosin hydrochlonde). The 2 and 5 mg capsules are not indicated for 
initial therapy 

More common than loss of consciousness are the symptoms often as- 
sociated with lowering of the blood pressure, namely, dizziness and 
lightheadedness. The patient should be cautioned about these possible 
adverse effects and advised what measures to take should they develop. 
The patient should also be cautioned to avoid situations where injury 
could result should syncope occur during the initiation of MINIPRESS 
(prazosin hydrochlonde) therapy 

Usage in Pregnancy: Although no teratogenic effects were seen in 
animal testing, the safety of MINIPRESS (prazosin hydrochloride) in preg- 
nancy has not been established. MINIPRESS (prazosin hydrochloride) is 
not recommended in pregnant women unless the potential benefit out- 
weighs potential risk to mother and fetus. 

Usage in Children: No clinical experience is available with the use of 

MINIPRESS (prazosin hydrochloride) in children. 
ADVERSE REACTIONS. The most common reactions associated with 
MINIPRESS (prazosin hydrochloride) therapy are: dizziness 10.3%, 
headache 7.8%, drowsiness 7.6%, lack of energy 6.9%, weakness 6.5%, 
palpitations 5.3%, and nausea 4.9%. In most instances side effects have 
disappeared with continued therapy or have been tolerated with no 
decrease in dose of drug 

The following reactions have been associated with MINIPRESS 
(prazosin hydrochloride), some of them rarely. (In some instances exact 
Causal relationships nave not been established). 

Gastrointestinal: vomiting, diarrhea, constipation, abdominal discom- 
fort and/or pain 

Cardiovascular: edema, dyspnea, syncope, tachycardia. 

Central Nervous System: nervousness, vertigo, depression, 
paresthesia. 

Dermatologic: rash, pruritus 

Genitourinary: urinary frequency, impotence. 

EENT: blurred vision, reddened sclera, epistaxis, tinnitus. dry mouth, 
nasal congestion 

Other: diaphoresis 

Single reports of pigmentary mottling and serous retinopathy, and a few 
reports of cataract development or disappearance have been reported. In 
these instances, the exact causal relationship has not been established 
because the baseline observations were frequently inadequate. 

In more specific slit-lamp and funduscopic studies, which included 
adequate baseline examinations, no drug-related abnormal 
ophthalmological findings have been reported. 

DOSAGE AND ADMINISTRATION. The dose of MINIPRESS (prazosin 
hydrochloride) should be adjusted according to the patient's individual 
blood pressure response. The following is a guide to its administrdtion: 

Initial Dose: 1 mg three times a day. (See Warnings) 

Maintenance Dose: Dosage may be slowly increased to a total daily 
dose of 20 mg given in divided doses. Higher doses usually do not in- 
crease efficacy, however a few patients may benefit from further in- 
creases up to a daily dose of 40 mg given in divided doses. After initial 
titration some patien!s can be maintained adequately on a twice daily 
dosage regimen 

Use With Other Drugs: When adding a diuretic or other anti- 
hypertensive agent, the dose of MINIPRESS (prazosin hydrochloride) 
should be reduced to 1 mg or 2 mg three times a day and retitration then 
carried out 
HOW SUPPLIED. MINIPRESS (prazosin hydrochloride) is available in 
1 mg (white #431), 2 mg (pink and white #437), and 5 mg (blue and 
white *438) capsules in bottles of 250, and unit-dose institutional 
packages of 100 (10 x 10's). 

More detailed information available on request. e 
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Fifteen children, aged 0.3 to 10.5 years (mean 3.8 years) after repair of 
coarctation of the aorta, underwent cerebral arteriography as part of 
postoperative catheterization. Four manifested central nervous system 
symptoms postoperatively: Two had persistent headaches, one had ex- 
ercise-induced hemianopsia and one had major motor seizures. All four 
had greater blood pressure in the right arm than in the left and evidence 
of subclavian steal, with retrograde filling of the left vertebral and left 
subclavian arteries on selective right vertebral arteriography. Ligation 
of the left vertebral artery in three patients and left subclavian graft art- 
erioplasty in one resulted in disappearance of symptoms. None of the 11 
asymptomatic patients manifested cerebrovascular anomalies, and no 
patient in the series had berry aneurysm. 

This study suggests that patients with central nervous system symptoms 
and a disparity of blood pressure in the arms after surgery for coarctation 
of the aorta should be evaluated carefully to exclude subclavian steal as 
the cause of the symptoms. 


Cerebrovascular accidents, including rupture of a berry aneurysm and 
subarachnoid hemmorhage, occurring months after successful repair 
of coarctation of the aorta have been well documented.!-$ However, 
central nervous system symptoms as the result of subclavian steal have 
seldom been recognized after such repair. Our experience with four pa- 
tients with a subclavian steal syndrome, discovered during a study de- 
signed to evaluate the cerebral circulation in patients after repair of 
coarctation of the aorta, is the basis of the present report. 


Material and Method 


Patients: The study group consisted of 15 children who had undergone sur- 
gical repair of coarctation or interruption of the aortic arch. Parents were in- 
formed of the nature of the study, and informed consent was obtained. The 
patients were 4.5 to 19 years old (mean 10.8 years) and had been operated upon 
0.3 to 10.5 years (mean 3.8 years) earlier. Patients with associated intracardidc 
defects were excluded. Preoperatively, eight patients had coarctation of the aorta 
without associated defects, five had associated mild aortic valve stenosis, and . 
two patients had interrupted aortic arch distal to the origin of the left subclavian 
artery. 

Method: Histories were obtained and all patients were examined by at least 
two of us. Precatheterization studies included a complete blood count, a 12 lead 
electrocardiogram and a chest roentgenogram. Percutaneous femoral arterial 
catheterization was carried out in all patients. A no. 5 French angiographic 
catheter was used, and selective injections of contrast material (Hypaque® 50 
percent) into both carotid arteries and the right vertebral artery were performed 
utilizing a power injector. Serial rapid films, in the frontal and lateral projections, 
were taken at a rate of 3/sec for 2 seconds followed by 1/sec for 4 seconds. 
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COARCTATION AND CEREBROVASCULAR ABNORMALITIES—SAALOUKE ET AL. 


TABLE | 


Cerebrovascular Status of 15 Children After Repair of 
Coarctation of Aorta 





Patients Cerebrovascular 
no. 96 Anomaly 
Asymptomatic 11 73 None 
Symptomatic 4 27 Subclavian steal 
(CNS symptoms) 
Total 100 





CNS = central nervous system. 


After cerebral arteriography, all patients underwent left 
heart catheterization. Pressures were measured as the catheter 
was withdrawn from the left ventricle to the descending aorta. 
In patients demonstrated to have subclavian steal on cerebral 
angiography, the systolic pressure gradient from the left 
subclavian artery to the descending aorta was measured. Arch 
aortography was performed in all patients. 


Results 


Eleven patients were asymptomatic (Table I). None 
of the 11 manifested cerebrovascular abnormalities, and 
no patient in the entire series had a berry aneurysm. 
Central nervous system symptoms developed in four 
patients postoperatively. All four of the patients had the 
subclavian steal syndrome. The findings in these four 
cases will be reported in detail. 


Operative findings: Table II lists the operative findings 
and the surgical techniques used during the original operation 
in the four patients with the subclavian steal syndrome. Pa- 
tient 1 had coarctation of the thoracic aorta that extended to 


TABLE Il 


involve the origin of the left subclavian artery. He also had 
hypoplasia of the aortic arch. Surgical correction was dc- 
complished at age 13 years with use of prosthetic arterioplasty 
of the aorta and the left subclavian artery. Before correction, 
this patient had angiographically documented subclavian 
steal. Patient 2 had an interrupted aortic arch distal to the left 
subclavian artery associated with hypoplasia of the aortic 
isthmus. Surgical repair consisted of the Blalock-Park oper- 
ation? (anastomosis of the end of the left subclavian artery to 
the descending aorta). In addition, the first branch of the left 
subclavian artery, thought to be the vertebral artery, was li- 
gated. Patient 3 had isolated coarctation of the thoracic aorta. 
Resection of the coarctation with end to end anastomosis was 
performed at age 2.5 years. Patient 4 had an interrupted aortic 
arch distal to the left subclavian artery. Surgical repair was 
accomplished with prosthetic tube graft arterioplasty at age 
12 years. 

History and physical findings: The postoperative 
symptoms and clinical findings in the four symptomatic pa- 
tients are summarized in Table III. The postoperative period 
ranged from 0.3 to 2 years. Patient 1 had exercise-induced 
hemianopsia lasting several minutes followed by severe 
headache. Patients 2 and 3 had dizziness and headache un- 
responsive to analgesic agents. Patient 4 had a major motor 
seizure followed by loss of consciousness 8 months postoper- 
atively. The neurologic examination was normal in all patients, 
and studies performed to evaluate the seizure in Patient 4, 
including electroencephalogram and brain scan, revealed 
normal findings. The left arm pulse amplitude was decreased 
in all patients, and all had a systolic blood pressure differential 
of 20 mm Hg or more between the two arms. Two patients had 
a supraclavicular bruit. 

Postoperative catheterization and angiography (Table 
IV): All patients were hypertensive. The residual gradient 
across the surgical anastomosis ranged from 20 to 50 mm Hg. 
A pressure gradient between the left subclavian artery and the 
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Case 1 


Case 2 


Case 3 Case 4 
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Anatomic Coarctation of thoracic aorta Interrupted aortic arch distal Coarctation of Interrupted aortic arch 
lesion involving the origin of LSA; to LSA; hypoplasia of aortic thoracic aorta distal to LSA 
hypoplasia of aortic isthmus isthmus 
Age at 13.0 2.5 12.0 
operation 
(yr) 
Surgical Prosthetic patch arterioplasty of | Blalock-Park operation; ligation Resection-re- Prosthetic tube graft 
technique aorta and LSA of first branch of LSA anastomosis interposition 
LSA - left subclavian artery. 
TABLE lll 
Postoperative Symptoms and Clinical Findings in Four Patients With Subclavian Steal 
Case 1 Case 2 Case 3 Case 4 
CNS symptoms Hemianopsia, Recurrent headache Recurrent headache Seizure 
exercise-induced and dizziness and cizziness 
Duration of symptoms 1 episode 12 1 episode 
(mo) 
Left arm pulse amplitude Decreased Decreased Decreased Decreased 
Systolic blood pressure 50 60 30 20 
differential between arms (mm Hg) 
Supraclavicular bruit Present Present Absent Absent 
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Case 2 Case 3 Case 4 
6.7 M 4.5M 12.3F 
0.7 2.0 0.7 

155/70 130/75 135/90 
45 30 20 
20 NM 20 
+ + + 
+ + + 


TABLE IV 
Postoperative Catheterization Data and Arch Aortographic Findings 
Case 1 
Age (yr) & sex 13.0M 
Years since operation 0.3 
Systemic pressure (mm Hg) 140/80 
Residual gradient across 50 
surgical repair (mm Hg) 
Ascending aorta — 50 
LSA gradient (mm Hg) 
Proximal LSA obstruction $ 
Retrograde filling of LVA and LSA + 
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LSA = left subclavian artery, LVA = left vertebral artery; NM = not measured; + = present. 


ascending aorta was demonstrated in three patients and could 
not be measured in the fourth. Selective right vertebral arte- 
riography and arch aortography demonstrated retrograde 
filling of the left vertebral and left subclavian arteries and 
obstruction of the proximal subclavian artery in all patients 
(Fig. 1 and 2). 

Surgery and results: Transcervical ligation of the left 
vertebral artery (Patients 1, 2 and 4) and aortic and left sub- 
clavian arterioplasty (Patient 3) resulted in complete disap- 
pearance of symptoms in all patients during a follow-up period 
of 11 to 20 months. 


Discussion 


Since Reivich and co-workers‘ drew attention to the 
reversal of flow in the vertebral artery resulting from 
proximal obstruction of the ipsilateral subclavian artery, 
many well documented cases of subclavian steal have 
been reported, particularly in adults. Symptomatic 
subclavian steal has been reported infrequently and 
seldom has been recognized in childhood. 





FIGURE 1. Patient 1. Selective right vertebral arteriogram in the frontal 


projection showing retrograde opacification of the left vertebral artery 
(LVA) and the left subclavian artery (LSA). 


From the physiologic standpoint, reduction of pres- 
sure in the subclavian artery by a stenosis or an ob- 
structing lesion is the basic abnormality in subclavian 
steal. Flow in the ipsilateral vertebral artery reverses 
when pressure in the basilar artery exceeds that in the 
distal subclavian artery by 20 percent. With reversal 
of flow in the vertebral artery, there is decreased flow 
to the cerebral tissue supplied by the vertebral-basilar 
system. Studies in man? and experimental animals? 
have shown a compensatory increase in anterograde 
flow in the carotid arteries and the contralateral ver- 
tebral artery. It appears that this increase does not 
sufficiently compensate for the retrograde vertebral 
flow on the affected side in patients with cerebral 
symptoms. 

Symptomatology of subclavian steal: Subclavian 
steal can occur with or without symptoms, depending 
on the amount of blood siphoned from the brain. Most 
children with subclavian steal are asymptomatic, and 
the condition is usually discovered during angiographic 
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FIGURE 2. Patient 2. Selective right vertebral arteriogram in the frontal 
projection showing retrograde filling of the left vertebral (LVA) and the 
left subclavian artery (LSA). Note also opacification of the left internal 
mammary artery. 
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studies for congenital heart disease. The relative lack 
of symptoms in children when compared with findings 
in adults has been attributed to better collateral de- 
velopment and the absence of arteriosclerotic occlusive 
disease in children. Symptoms were present in only 5 
of 26 cases of angiographically documented congenital 
subclavian steal in children 11 years of age or older re- 
viewed by Pieroni et al.° These were limited to pain and 
paresthesia of the arm, especially during exercise; no 
child had cerebral symptoms. 

Subclavian steal leads to symptoms only when 
enough blood is diverted from structures perfused by 
the vertebral-basilar system,!? that is, cerebellum, brain 
stem, occipital lobes, labyrinth, cochlea and upper 
spinal cord. As a consequence, signs and symptoms re- 
lated to ischemia of these structures may be encoun- 
tered; these include headache, dizziness, vertigo, arm 
pain and paresthesia, visual disturbances, ataxia and 
seizure. 

Cerebral symptoms have not been seen in young 
children.? Our series is of interest because two of four 
patients were less than 10 years of age and all four pa- 
tients had symptoms of vertebral-basilar insufficiency. 
To our knowledge this occurrence has not been pre- 
viously documented in children with coarctation of the 
aorta. Folger and Shah,!! in their study of 123 patients 
who had undergone Blalock-Taussig!? anastomosis for 
tetralogy of Fallot, found 12 patients with subclavian 
steal, 7 of whom had symptoms suggestive of verte- 
bral-basilar insufficiency. However, the significant 
degree of hypoxemia in these patients was thought to 
be a contributing factor in the development of their 
symptoms. The early appearance of cerebral symptoms 
in our patients demonstrates that development of col- 
lateral channels does not always compensate fully for 
the anatomic abnormality.!? 

Causes of subclavian arterial obstruction: Several 
conditions have been implicated in the development of 
significant obstruction of a subclavian artery. Although 
an arteriosclerotic plaque is the most common ob- 
structive factor in the adult, it is uncommon in children. 
Two major categories of origin of subclavian steal pre- 
dominate in children: congenital and acquired. 

Congenital subclavian steal occurs when any con- 
genital lesion prevents entrance of blood into the 
proximal subclavian artery at a pressure above that in 
the vertebral-basilar axis. Becker et al.!4 listed 55 po- 
tential anatomic lesions capable of producing subclavian 
steal. However, the majority of these lesions have not 
been reported in man. Case 1 in our series represents the 
congenital variety of subclavian steal. The majority of 
patients with a left aortic arch and congenital subclavian 
steal manifest hypoplasia, coarctation or complete in- 
terruption of the aortic arch with the subclavian artery 
arising distal to the obstruction.? The steal can be right- 
or left-sided, depending on the location of the subcla- 
vian artery and the site of obstruction. Congenital 
subclavian steal is more common with a right-sided 
aortic arch, and the underlying disease is usually hy- 
poplasia, atresia or partial occlusion of an anomalous 
left subclavian artery. 
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The acquired form of subclavian steal in children is 
caused by stenosis of the proximal portion of the left 
subclavian artery after repair of coarctation and is 
produced by fibrosis, thrombosis or suture line distor- 
tion,l? as in Patients 3 and 4 in our series. The left 
subclavian artery in these two patients was normal be- 
fore the original operation. Acquired steal can also occur 
as a result of trauma to the subclavian artery!9:17 or of 
surgical procedures on the aortic arch and its great 
vessels. Ligation of the subclavian artery may be re- 
quired during repair of a coarctation!? and is necessary 
in the Blalock-Taussig anastomosis. Retrograde ver- 
tebral flow occurs unless flow to the distal subclavian 
artery is restored or the vertebral artery is ligated. In 
Patient 2 in our series, the first branch of the subclavian 
artery was ligated during the original operation, but this 
vessel was not the vertebral artery; possibly it was a 
cervical branch. Because the vertebral artery is not al- 
ways the first branch of the subclavian artery, it must 
be carefully identified and ligated in surgical procedures 
using the subclavian artery. 

Clinical and diagnostic features: Clinical signs of 
subclavian steal are readily detectable on physical ex- 
amination. Diminished or absent radial pulse, a dif- 
ference in blood pressure of at least 20 mm Hg between 
the two arms, and a supraclavicular bruit are the ob- 
jective clinical findings in the classic case. The diagnosis 
of subclavian steal syndrome should be considered if the 
clinical signs of proximal subclavian obstruction are 
associated with symptoms of vertebral-basilar insuffi- 
ciency. A helpful diagnostic aid is the appearance of 
neurologic symptoms when the involved arm is exer- 
cised!9; these symptoms are caused by aggravation of 
the siphoning effect secondary to dilatation of the limb 
vascular bed.? Although arm exercise may precipitate 
symptoms of cerebral vascular insufficiency in patients 
with subclavian arterial obstruction, failure to do so 
does not rule out a steal. This test was positive in one of 
our patients (Case 1) and in only 9 of 93 adult patients 
reported in two large series by North!? and Javid?? and 
their co-workers. 

Angiography, properly performed with the films 
correctly interpreted, is essential to establish an exact 
anatomic diagnosis. Arch aortography with serial late 
films may demonstrate retrograde vertebral and sub- 
clavian arterial flow on the affected side. This method 
is not infallible.?! If the diagnosis of subclavian steal is 
strongly suspected, additional angiography is recom- 
mended. Selective injection of contrast material into the 
contralateral vertebral artery will demonstrate retro- 
grade flow in the ipsilateral vertebral artery. The ap- 
pearance of contrast material in the proximal one third 
of the ipsilateral vertebral artery or in the subclavian 
artery distal to its proximal obstruction implies retro- 
grade flow and subclavian steal. Several authors?3-?7 
demonstrated retrograde opacification of the ipsilateral 
vertebral artery on contralateral vertebral arteriography 
in patients who were studied later and found to have no 
subclavian steal. The incidence rate of “false positive" 
steal in Cronquist's series?? was as high as 20 percent in 
normal adult patients. In our series, none of the 11 
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asymptomatic patients had “false positive" steal on 
selective right vertebral arteriography. In our four 
symptomatic patients, reversed flow in the ipsilateral 
vertebral flow occurred after arch aortography as well 
as after contrast injection into the right vertebral ar- 
tery. 

Therapy: Recognition of the presence of subclavian 
steal is not sufficient indication for treatment. Surgery 
should not be recommended for the asymptomatic pa- 
tient. Spontaneous recovery can occur in many patients, 
probably as a result of development of adequate col- 


lateral vessels.24 Close observation with repeated and 
accurate interviews is recommended because abnormal 
neurologic symptoms of importance may be either un- 
recognized or misinterpreted. 

In the presence of symptoms, treatment is directed 
toward restoring anterograde vertebral and subclavian 
arterial blood flow. Vascular repair with relief of sub- 
clavian arterial obstruction is recommended. If this is 
not feasible, ligation of the ipsilateral vertebral artery 
should relieve the symptoms of vertebral-basilar in- 
sufficiency. 
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The hearts of nine children with clinical evidence of congenital valve 
stenosis and a congenital bicuspid aortic valve were reviewed. Aortic 
stenosis was diagnosed on the basis of cardiac catheterization data in 
four patients, operative findings in two and auscultatory findings in three. 
The patients were 1 month to 9 years old; six were male and three female. 
In each patient the two commissures of the valve were free to the aortic 
wall. The cusps were thickened, rolled and redundant; microscopic studies 
revealed that they consisted of immature loose connective tissue con- 
sistent with a dysplastic or incompletely differentiated valve. The valve 
orifice was obstructed by the dysplastic cusps, and dysplastic changes 
rather than the commissural fusion were responsible for the observed 
aortic stenosis. These valves do not appear amenable to valvotomy be- 
cause obstruction is due to the abnormal valve tissue. These findings may 
explain the occasional poor results of valvotomy in infants and children 
with congenital aortic valve stenosis. 


Congenital aortic stenosis is an uncommon anomaly with an estimated 
incidence rate of 3 to 6 percent of all cases of congenital heart disease.!? 
The anomaly includes cases of aortic valve stenosis, supravalve stenosis, 
subaortic stenosis and hypoplasia of the aortic valve ring. In approxi- 
mately 70 percent of patients stenosis is secondary to deformity of the 
aortic valve. This congenitally stenotic valve has been repeatedly de- 
scribed in clinical reports as a bicuspid valve with fusion of one com- 
missure?-? and in autopsy review as a unicommissural or acommissural 
valve.9-9 

The most common congenital cardiac anomaly is a bicuspid aortic 
valve, estimated to be present in 2 percent of the population.? The 
congenital bicuspid aortic valve is not inherently stenotic!?; although 
it frequently becomes stenotic in later life,9:!! such stenosis is secondary 
to fibrosis and calcification of the cusps and not to fusion of the com- 
missures.!! [n this study we attempted to determine if the congenital 
bicuspid aortic valve is responsible for some cases of congenital aortic 
valve stenosis and to assess the status of the valve commissures in pa- 
tients with this condition. 


Material and Methods 


Selection of cases: The files of the Armed Forces Institute of Pathology were 
searched for all patients under age 20 years with aortic stenosis and a bicuspid 
aortic valve. Only cases with complete autopsy protocols and clinical summaries 
and in which the heart was available for review were included in this study. The 
aortic valve was evaluated using the criteria outlined by Roberts? to distinguish 
between acquired and congenital bicuspid valves. By these criteria the circum- 
ferential distances between the two commissures in the congenital bicuspid valve 
are equal or nearly equal around the aortic ring, and the margins of the com- 
missures against the aortic wall are on the same horizontal level (Fig. 1). A raphe 
may be present in one of the cusps, but the margin of the raphe against the aortic 
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FIGURE 1. Photograph of dysplastic bicuspid aortic valves viewed from 
the aorta. There are two well formed commissures that are free to the 


aortic wall. The valve orifice is narrowed and obstructed by the thick 
redundant valve cusps. 


wall is below the horizontal plane of the attachments of the 
commissures and the raphe does not extend to the free margin 
of the cusp (Fig. 2). The fused commissure of the acquired 
bicuspid valve is easily distinguished from a raphe. In valves 
with a fused commissure the circumference of attachment of 
the fused cusp to the aortic wall is nearly twice that of the 
nonfused cusp, the plane of attachment of the fused com- 
missure against the aortic valve is on the level of the nonfused 
commissure and the fused commissure extends to the free 
margin of the valve cusp. 

Only patients with a congenital bicuspid aortic valve and 
clinical evidence of aortic stenosis were included in this study. 
Patients with clinical evidence of aortic stenosis who had a 
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FIGURE 2. Photograph of histologically normally differentiated bicuspid 
aortic valve with two well formed free commissures and a raphe 
(arrow). The cusps are so translucent that the sinuses of Valsalva had 
to be filled with cotton to photograph the valve. 


dome-shaped (acommissural), unicuspid or tricuspid aortic 
valve were excluded, as were patients with the hypoplastic left 
heart syndrome. 

Protocol: The gross appearance of the aortic valve cusps 
was examined in each heart, and both commissures were as- 
sessed for evidence of commissural fusion. In all cases the 
thickness of the left and right ventricles at the level of the tip 
of the papillary muscles and the relative size of the aortic and 
pulmonary valve rings were measured and the presence and 
type of accompanying cardiac abnormalities noted. Data on 
heart weight were obtained from autopsy protocols. 

The clinical records, including cardiac catheterization re- 
ports, operative reports and clinical narrative summaries, were 
searched for evidence of aortic stenosis. The following evi- 
dence was accepted as indicative of aortic stenosis: (1) the 
presence of a systolic pressure gradient greater than 50 mm 
Hg across the aortic valve at cardiac catheterization; (2) evi- 
dence of aortic stenosis described by the surgeon at the time 
of open valvotomy; and (3) findings during life of a typical 
systolic ejection murmur with congestive heart failure not 
otherwise explained, together with autopsy findings of definite 
and otherwise unexplained left ventricular hypertrophy. 

An age-matched control group of patients less than 20 years 
old with a congenital bicuspid aortic valve but without clinical 


TABLE | 
Clinical Findings in Nine Patients With a Dysplastic Bicuspid Aortic Valve 
Gradient 
Exer- Across 
Grade of tional Aortic Aortic 
Case Systolic Intol- Valve Valve Cause of 
no Sex Age Murmur AS CHF Syncope erance (mm Hg) Surgery Death 
1 F 9 yr 5/6 + 0 0 0 100 T Postop 
2 M 5 yr, 9 mo 6/6 + 0 T T JA T Postop 
3 M 4 1/2 yr 'Loud" ux 0 T T 80 + Postop 
4 F 4 yr, 6 mo 4/6 F T + + 70 T Postop 
5 F 4 1/2 mo 3/6 T t 0 0 J^ 0 CHF 
6 M 4 mo 4/6 + + 0 0 LU T Postop 
$ M 4 mo 4/6 + 0 0 0 60 a Postop 
8 M 6 wk 3/6 JT T 0 0 0 Aspiration 
: 9 M 5 wk 3/6 + + 0 0 LA 0 CHF 
AS = clinical diagnosis of aortic stenosis; CHF = congestive heart failure; Postop = postoperative; + = present; 0 = absent; ... = not as- 


July 1978 The American Journal of CARDIOLOGY Volume 42 103 
uw 


CONGENITAL AORTIC STENOSIS—CHEITLIN ET AL. 


evidence of aortic stenosis was selected from the files of the 
Armed Forces Institute of Pathology. The hearts of these 
patients were examined in the manner described and the 
clinical records studied for evidence of aortic stenosis. 
Histology: Sections were taken through the bicuspid aortic 
valve leaflets of the hearts in both patient groups. The tissue 
blocks were refixed in 10 percent neutral buffered (pH 7.0) 


formalin and processed for paraffin embedding. Sections were 
stained with hematoxylin-eosin, the Movat pentachfome 
stain, colloidal iron and Verhoff's elastic stain. 


Results 


Clinical features (Table I): Nine children were 
found with clinical evidence of aortic stenosis and a 


TABLE Il 
Anatomic Findings in Nine Patients With a Dysplastic Bicuspid Aortic Valve 
Circumference 
Ao Pulmonary Dysplasia Other 
Case Heart Weight LV RV Valve Valve Ao Mitral Myocardial Cardiac 
no. (normal + SD)* (cm) (cm) | Ring(cm)  Ring(cm) Valve Valve Fibrosis Findings 
1 250 (129 + 19) 1.3 0.3 5.5 5.5 + 0 Acute infarct Coarct, 
repaired 
2 300 (105 + 14) 2.0 0.5 3.0 0 + +, mild 0 Coarct., mild 
3 oc (64 3: 12) 1.4 0.4 Equalt T 0 T 0 
4 175 (104 + 6) 1.3 0.3 3.6 3.6 T 0 0 Coarct., mild 
5 83 (33 + 6) 1.4 0.3 3.0 3.0 + +, mild 0 0 
6 75 (31 + 7) 1.2 0.4 3.0 3.0 + 0 + 0 
7 60 (31 + 7) 1.5 0.4 2.5 2.5 $ +, mild + Subendo- 0 
cardial 
8 52 les 7) 1.6 0.5 Equal? T 0 0 0 
9 65 (24 t 7) 1.6 0.5 2.0 5 + 0 + 0 


* Data from Schultz and Giordano. '2 
t Aortic pulmonary valve rings said to be “equal”; no measurements given. 
Ao = aortic; Coarct. = coarctation of aorta; 


LV = thickness of the left ventricular posterior wall at the level of the tip of the papillary muscles; RV = thickness of the right ventricular anterior 


wall at the level of the tip of the papillary muscles; SD = standard deviation; + present; 0 absent; = . . . not assessed. 


TABLE Ili 


Clinical and Anatomic Findings in 12 Patients With a Normally Differentiated Bicuspid Aortic Valve 





Circumference 


Heart Weight Ao Pulmonary Associated 
Case (Normal + SD)* LV RV Valve Valve Valve Cardiac Clinical 
no. Sex Age (g) (cm) (cm)  Ring(cm)  Ring(cm) Dysplasia Findings Diagnosis 
1 M 9 yr 225 (138 + 12) 1.2 0.6 5.2 5.5 0 Coarct., Coarct., 

VSD attempted 
surgical 
repair 

2 F 2 yr 126 (58 + 11) 1.0 0.8 4.0 4.0 0 Coarct., Coarct., 

VSD attempted 
surgical 
repair 

3 M 9 mo 95 (45 + 7) 1.0 0.3 3.5 3.8 0 Coarct. Choledochal cyst 
attempted 
surgical 
repair 

4 M 6 mo 83 (40 + 8) 1.0 0.5 2.5 2.6 0 Coarct., Mongolism 

PDA 

5 M 3 mo 75 (30 + 7) 0.8 0.6 2.2 2.2 0 Coarct., Coarct. 

PDA ‘ 

6 F 3 mo es «tesa 4) 1.0 0.5 2.2 2.5 0 Coarct. Coarct. 

7 M 2 mo 90 (27 t 7) 1:2 0.5 3.0 3.2 0 Coarct. Sudden death 

8 M 2 mo 65 (27 t 7) 0.8 0.3 2.8 3.2 0 Coarct. Coarct. 

9 M 2mo 79 (27 + 7) 0.8 0.4 3.8 4.0 0 Coarct., Coarct. 

PDA, ASD 

10 M 7 wk 68 (26 + 7) 0.8 0.4 2.2 2.5 0 Coarct., Idiopathic 
PDA, ASD cardiac 
hypertrophy 
11 M 7 wk +e (28:37) 0.8 0.8 2.8 3.0 0 Coarct., Coarct. 
PDA, ASD 
12 F 5 wk 46 (24 t 7) 0.6 0.3 2.2 2.5 0 Coarct., Congenital 

PDA, ASD heart 

disease 


——————————————— S S aaa 


* Data from Schultz and Giordano. 12 


Ao = aortic; ASD = atrial septal defect; Coarct. = coarctation of aorta; LV = thickness of the left ventricular posterior wall at the level of the 
tip of the papillary muscles; PDA = patent ductus arteriosus; RV = thickness-of the right ventricular anterior wall at the level of the tip of the papillary 
muscles; SD = standard deviation; VSD = ventricular septal defect; + = present; 0 = absent;... = not assessed. 
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congenital bicuspid aortic valve. They ranged in age 
from 1 month to 9 years (average 2.8 years) and could 
be classified into two age groups: age 6 weeks to 5 
months (five children) and age 4 1/2 to 9 years (four 
children). The clinical evidence for aortic stenosis was 
based on (1) a systolic pressure gradient across the aortic 
valve demonstrated at cardiac catheterization (four 
patients); (2) surgical evaluation of the valve at the time 
of attempted valvotomy without prior catheterization 
(two patients); or (3) the presence of a typical systolic 
ejection murmur of aortic stenosis with well described 
congestive heart failure and left ventricular hypertrophy 
at autopsy with no other explanation (three patients). 
A loud systolic ejection murmur was described in each 
patient and congestive heart failure was present in five 
patients. Exertional syncope occurred in one patient. 

Aortic valvotomy was attempted in six patients; three 
died during or immediately after the operation, and 
three died within days of the intervention. The latter 
three experienced bradycardia, hypotension and cya- 
nosis within 24 hours of the surgical procedure and, 
despite vigorous medical treatment, all were dead within 
5 days of the operation. 

Anatomic findings (Table II): The cusps of the 
aortic valve were thickened, rolled and redundant in all 
nine patients. The effective orifice of the aortic valve 
appeared compromised by the redundant valve cusps 
(Fig. 1); however, both commissures were free to the 
aortic wall, and there was no evidence of any fusion of 
the commissures. The left ventricle was hypertrophied 
and the heart was heavier than normal for age in all 
patients. The heart weight in seven hearts for which 
data on weight were available was 2.6 times the normal 
value.1? Five of the nine patients had evidence of myo- 
cardial fibrosis. The aortic and pulmonary valve rings 
were almost equal in circumference in all cases; hypo- 


FIGURE 4. Microscopic view from the base 
of a dysplastic (A) and histologically nor- 
mal (B) bicuspid aortic valve. In B, the fi- 
brosa (F), spongiosa (S) and ventricularis 
(V) are clearly distinguished. The base of 
the dysplastic valve (A) is markedly 
thickened. The ventricularis appears 
completely replaced by the spongiosa, 
«which also encroaches (arrow) on the fi- 
brosa. The collagen bundles of the fibrosa 
appear disoriented and fragmented. (Movat 
pentachrome stain X80 [A] and X 100 [B], 
both reduced by 15 percent.) 
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FIGURE 3. Dysplastic (A) and normal (B) bicuspid aortic valves in cross 
section. The distal portion of the dysplastic valve is thickened and re- 
dundant. The dysplastic changes may be focal, as pictured; however, 
more frequently the entire valve is involved in patients with congenital 
aortic valve stenosis. (Movat pentachrome stain X8.) 


plasia of the aortic valve ring therefore seems an un- 
likely cause of the aortic stenosis in these patients. 
Three patients had a mildly dysplastic mitral valve. A 
coarctation of the aorta had been repaired in Patient 1 
and a mild coarctation of the aorta was present in two 
other patients. 

Control group (Table III): The 12 age-matched 
control patients had no clinical or autopsy evidence of 
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FIGURE 5. The spongiosa of the dysplastic valve is quite cellular and 
is composed primarily of small spindle cells resembling fibroblasts set 
in an acid mucopolysaccharide matrix and haphazardly arranged bun- 
dles of collagen (arrow). (Movat pentachrome stain X 130, reduced 
by 15 percent.) 


aortic stenosis, although all 12 had a congenital bicuspid 
aortic valve. They ranged in age from 5 weeks to 9 years 
(average 1.1 years). All 12 had severe coarctation of the 
aorta, and the death of 11 was apparently directly re- 
lated to the coarctation. Two patients also had a ven- 
tricular septal defect, and six, all under age 6 months, 
had a patent ductus arteriosus or atrial septal defect, 
or both. 

Histology: Microscopically, the cusps of the aortic 
valves in the nine children with clinical evidence of 
aortic stenosis were markedly thickened. There was 
distortion of the architecture!? by comparison with the 
normal bicuspid aortic valve of children in the control 
group (Fig. 3 and 4). The thickened cusps consisted of 
a basophilic staining mucopolysaccharide matrix within 
which were embedded fibroblasts and randomly ori- 
ented bundles of collagen (Fig. 5). 'T'his loose connective 
tissue, which resembles the normal spongiosa of the 
aortic valve cusps, encroached upon and replaced the 
ventricularis and fibrosa of the valve cusps. The ma- 
jority of the cusps consisted entirely of this loose con- 
nective tissue; however, remnants of the ventricularis 
and fibrosa interrupted by accumulations of abnormal 
loose connective tissue were often found at the base of 
the cusps. There were no foci of calcification in the nine 
dysplastic valves. 


Discussion 


Although it is well recognized that the congenital 
biscuspid aortic valve is not inherently stenotic,9-!! 
some authors?-? have suggested that, when congenital 
aortic stenosis occurs with a bicuspid aortic valve, ob- 
struction is secondary to fusion of a valve commissure. 
In our study all nine patients with clinical evidence of 
aortic stenosis had a bicuspid aortic valve and nonfused 
(free) commissures. In each patient the aortic stenosis 
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was secondary to obstruction of the valve orifice by the 
thickened redundant cusps of the dysplastic or incom- 
pletely differentiated valve. The valve rings were not 
hypoplastic and therefore not responsible for the nar- 
rowing of the valve orifice. We were unable to find one 
example of a bicuspid valve with a fused commisure in 
our cases of congenital aortic valve stenosis. 

Dysplastic semilunar valves: Valve dysplasia in the 
absence of commissural fusion has been reported as a 
cause of congenital stenosis of both the pulmonary 
valve! and the tricuspid aortic valve.!? Other reports 
of congenital aortic stenosis!6-15 have described marked 
thickening and nodularity of the stenotic aortic valve. 
Such changes have been observed in valves with one, 
two or three distinct cusps, as well as in valves with only 
partially differentiated cusps (acommissural or dome- 
shaped aortic valves). Although these changes are nei- 
ther illustrated nor described in detail in these re- 
ports,16-18 it is probable that they represent examples 
of valve dysplasia. In our experience (unpublished ob- 
servations) the dysplastic aortic valve may be unicuspid, 
bicuspid or tricuspid, as well as dome-shaped. 

A dysplastic stenotic pulmonary valve is frequently 
present in patients with Noonan's syndrome.!419.20 The 
stenotic valve is usually tricuspid!4^!? and stenosis is 
secondary to the marked thickening of the individual 
cusps. In these patients the absence of a pulmonary 
ejection click®! is considered suggestive of pulmonary 
stenosis secondary to a dysplastic pulmonary valve. 
Other distinctive angiographic, electrocardiographic 
and echocardiographic findings may also be present.2122 
Our nine patients with a dysplastic aortic valve and 
stenosis had no distinctive clinical, electrocardiographic, 
roentgenographic or angiocardiographic findings to 
distinguish them from patients with other forms of 
congenital aortic valve stenosis. 

The abnormal valve tissue of the dysplastic or in- 
completely differentiated valve!4^23.24 resembles em- 
bryonic connective tissue and is similar to the connec- 
tive tissue of the cardiac valves in 8 to 12 week old fet- 
uses—hence, the terms dysplasia!^!^ or incomplete 
differentiation.?? Dysplasia implies abnormal devel- 
opment rather than failure to mature or develop and is 
perhaps a more appropriate term because fetal valves, 
although composed largely of loose connective tissue, 
are not deformed. Valve dysplasia may affect any of the 
cardiac valves, although in large autopsy series the 
aortic valve is most frequently involved?? and 25 percent 
of patients have multiple valve involvement.24 The 
dvsplastic changes may be so severe and extensive that 
the entire valve is distorted, as in all our nine patients, 
or mild and focal without evidence of impairment of 
valve function. 

In reviewing specimens for this study, we occasionally 
observed mild degrees of dysplasia of the aortic valve 
in patients who died of other types of congenital heart 
disease without clinically apparent aortic stenosis. The 
fate of such valves is unknown.? It is possible that dif- 
ferentiation to normal continues or that these valves 
form the basis for further fibrosis and calcification, 
which is one cause of calcific aortic stenosis in patients 
over 40 years of age.11.26 





* 


Significance of bicuspid aortic valve: It has been 
estimated that in 45 percent of adults with isolated 
aortic stenosis, stenosis is secondary to a congenital 
bicuspid aortic valve. In our review!! of 152 patients 
over age 20 years with a bicuspid aortic valve, we found 
none with dysplastic changes in the valve cusps. Aortic 
stenosis was present in 28 percent of these patients, 
increasing in incidence after age 40 years. Stenosis was 
always secondary to fibrosis and calcification of the 
valve cusps rather than to commissural fusion, and only 
eight patients manifested commissural fusion of even 
mild degree. 

Surgical implications: In the majority of infants and 
children with isolated congenital aortic valve stenosis, 
the aortic valve is either acommissural (dome-shaped) 
or unicommissural.9? The exact incidence rate of these 
two forms of valve deformities in congenital aortic valve 
stenosis is not known, but it has been reported as high 
as 80 percent. The unicommissural valve has frequently 
been mistaken for a bicuspid aortic valve with com- 
missural fusion. This has led many authors?-? to con- 
sider aortic valvulotomy the preferred treatment of 
congenital aortic stenosis, presumably performing the 
operation to open the fused commissure of a bicuspid 
aortic valve. Unicommissural valves are amenable to 
aortic valvulotomy, but anatomically they are not bi- 
cuspid aortic valves with fused commissures. 
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Clinically, especially at the time of surgery, it is ex- 
tremely important to distinguish the dysplastic bicuspid 
or tricuspid aortic valve with normal commissures from 
the unicommissural or acommissural aortic valve.® 
Because aortic stenosis in patients with a dysplastic 
bicuspid aortic valve is secondary to the thickened re- 
dundant aortic cusps rather than to commissural fusion 
or absence of commissures, valvotomy probably offers 
little hope for relief in these patients. Indeed, in three 
of our cases in which valvotomy was attempted, death 
occurred during or shortly after operation. At necropsy 
the incision was found to be either extremely minute, 
offering no further increase in valve opening, or made 
through a cusp next to a commissure, producing a 
markedly insufficient valve that would be tolerated 
poorly by a patient postoperatively. 

Several recent reports?6-?3 presenting the results of 
valvotomy in children with congenital aortic valve ste- 
nosis have described poor results in a significant number 
of patients and mortality rates ranging from 33 to 85 
percent. Detailed morphologic descriptions of the aortic 
valves in these children with congenital aortic stenosis 
are not available; however, many of the valves were 
described as primitive in nature? or thickened and re- 
dundant.2927 These descriptions of stenotic aortic valves 
are suggestive of dysplastic and possibly bicuspid aortic 
valves. 
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Echocardiograms were obtained from five infants with total anomalous 
pulmonary venous drainage to the coronary sinus or the portal system or 
the superior vena cava and from one child with a secundum atrial septal 
defect and a large coronary sinus due to persistence of the left superior 
vena Cava. The results demonstrate that an enlarged coronary sinus is 
positioned consistently posterior to the left atrium in approximately the 
same horizontal plane as the aortic valve. Echocardiographically the 
coronary sinus can be located as an echo complex behind the left atrium 
by using the aortic root as a reference point. The echo complex can be 
differentiated from the other spurious echoes in the left atrium by its 
characteristic phasic motions. The additional demonstration of the en- 
larged common pulmonary venous chamber behind the right atrium 
confirms the diagnosis of anomalous pulmonary venous drainage to the 
coronary sinus. For other types of anomalous pulmonary venous return, 
anatomic diagnosis with single crystal M mode echocardiography is not 
always possible because of the positional variability of the common 
pulmonary venous chamber in relation to the left atrium. 


Echocardiography may be helpful in establishing the diagnosis of total 
anomalous pulmonary venous drainage. Indirect signs such as right 
ventricular volume overload, due to an enlarged right ventricle and 
paradoxic intraventricular septal motion? and a small left atrium? can 
be suggestive of this lesion. Recently, visualization of the common pul- 
monary venous chamber as an echo-free space posterior to the left atrium 
and bounded anteriorly by an anomalous linear echo complex has been 
reported‘ as a diagnostic anatomic feature of total anomalous pulmonary 
venous drainage to various segments of the systemic venous system. 
However, the diagnostic echocardiographic features distinguishing 
different types of total anomalous pulmonary venous drainage and the 
diagnostic difficulties of using single crystal M mode echocardiography 
have not been fully considered. This study presents observations on five 
consecutive infants with total anomalous pulmonary venous drainage 
to various parts of the systemic venous circuit, describes the character- 
istic features of total anomalous pulmonary venous return to the coro- 
nary sinus and discusses the reasons for the diagnostic difficulties we 
and others have encountered when using single crystal echocardiography 
in evaluating the supra- and infracardiac types of anomalous pulmonary 
venous drainage. 


Material and Methods 


Patients: Five infants (Table I), aged 15 hours to 39 months, with total 
anomalous pulmonary venous drainage to (1) the coronary sinus (three infants)? 
(2) the portal system (one infant), or (3) the superior vena cava (one infant) were 
studied. In addition, an infant with a secundum atrial septal defect and a large 
coronary sinus due to persistence of the left superior vena cava was studied. 
Echocardiograms were performed on the same day as cardiac catheterization. 
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Preoperative Hemodynamic and Echocardiographic Data of Five Patients With Total Anomalous Pulmonary Venous Drainage 


TABLE | 
Case 1 Case 2 
2 4 mo 2 mo 
BSA (m?) 0.25 0.18 
Site of PVD CS CS 
PAP (mm Hg) 65/20 (45) 55/20 (30) 
APD 
RV 
cm 2.0 2.9 
cm/m? 8.0 12.7 
LV (cm) 0.85 0.75 
RV/LV (96) 143 179 
LA/AO (96) 0.68 0.58 
IVS motion Parad. Parad. 
CPVC echo AVJ and dorsal AVJ and dorsal 
localization to RA to RA 
Pulmonary valve 
PEP (msec) 66 68 
RVET (msec) 204 155 
PEP/RVET 0.32 0.44 
RVDWT (cm) 0.4 0.6 


Case 3 Case 4 Case 5 
36 hr 15 hr 39 mo 
0.21 0.24 0.49 
CS Infra- LSVC 
diaphrag- 
matic 
55/9 (24) 80/40 (60) 39/12 (23) 
1.2 1.4 2.7 
5.7 5.8 5.5 
0.90 0.90 2.00 
100 116 108 
0.76 0.86 1.00 
Parad. Parad. Parad. 
AVJ and dorsal ND Dorsal to RA 
to RA 
40 75 48 
195 185 360 
0.21 0.41 0.13 
0.5 0.5 1.1 


LE A AAI \ tt 


yap in parentheses indicate mean pressures. 
AO = 


aorta; APD = anteroposterior dimension; AVJ = atrioventricular junction; BSA = body surface area; CPVC = common pulmonary venous 
chamber; CS = coronary sinus; IVS = interventricular septum; LA = left atrium; LSVC = left superior vena cava; LV = left ventricle; ND = not 
determined; PAP = pulmonary arterial pressure; Parad. = paradoxic; PEP = preejection period; PVD = pulmonary venous drainage; RA = right 
atrium; RV = right ventricle; RVDWT = right ventricular diastolic wall thickness; RVET = right ventricular ejection time. 


The hemodynamic, angiographic and operative findings es- 
tablished the anatomic diagnosis in all infants. 

Echocardiographic procedures: Postoperative echo- 
cardiograms were available in all. Echocardiograms were ob- 
tained using a focused 5 or 3.5 megahertz transducer, posi- 
tioned at the second to fourth intercostal space, with a 
Smith-Kline echocardiograph interfaced with a Honeywell 
1856 strip chart recorder. The left atrium was explored distally 
and proximally to the level of the aortic root by recording from 
both high (second left interspace) and low (fourth interspace) 
parasternal positions. The atrioventricular (A-V) junction was 
viewed using multiple scans from the aorta to the left ventricle 
and varying the transducer angulation along the leftward- 
superior and leftward-inferior direction as well as along the 
long axis of the left ventricle. The right atrium was scanned 
by angulating the transducer to the right and superiorly from 
a lower left sternal position so that the right atrium would be 
visualized superior to the septal leaflet of the tricuspid valve. 
Technically satisfactory echocardiograms were obtained in 
all infants. 

The coronary sinus was visualized echocardiographically 
during cardiac catheterization in two infants, one with an 
enlarged coronary sinus due to persistent left superior vena 
cava and the other with total anomalous pulmonary venous 
return to the coronary sinus, by injecting 2 to 3 ml of 5 percent 
dextrose in water into the left superior vena cava and the left 
atrium, respectively. 

Measurements: The right ventricular end-diastolic ante- 
rior wall thickness and anteroposterior dimensions were 
measured at the time of the R wave peak of the electrocardi- 
ogram. The right ventricular dimensions were indexed to body 
surface area? and were also expressed as a ratio between the 
right and left ventricles. The left ventricular end-diastolic 
dimensions were measured at the level of maximal mitral valve 
amplitude at the time of R wave peak.® 
+ The preejection period and the ejection time of the right 
ventricular systole were measured from the pulmonary valve 
echo, and the results expressed as a ratio." The anteroposterior 
dimensions of the left atrium and aorta were measured at 
end-systole and also expressed as a ratio.? 


Pathologic material: The positional variability of the 
common pulmonary venous chamber in relation to the left 
atrium and the aortic root was studied in 20 postmortem heart 
specimens from patients with total anomalous pulmonary 
venous drainage who had not been surgically treated. In 13 
hearts the common pulmonary vein drained to the innominate 
vein, in 4 to the portal system, and in 3 to the region of the 
coronary sinus. 


Results 


The hemodynamic and echocardiographic data of the 
five patients with total anomalous pulmonary venous 
return are shown in Table I. 

Echocardiographic contrast studies in two pa- 
tients with an enlarged coronary sinus: These 
studies, performed during cardiac catheterization, 
showed a space posterior to an anomalous undulating 
echo complex at the A-V junction behind the aortic root. 
This space represented the enlarged coronary sinus. The 
space immediately anterior to this anomalous echo 
represented the left atrium, which was encroached on 
posteriorly by the enlarged coronary sinus (Fig. 1 and 
2). The anomalous echo complex itself represented the 
echoes from the posterior left atrial and anterior coro- 
nary sinus walls. : 

Echocardiographic studies in total anomalous 
pulmonary venous drainage: Morphologically similar 
abnormal linear echoes were seen dorsal to the left 
atrium in the three patients with pulmonary venous 
drainage to the coronary sinus and in one patient with 
persistent left superior vena cava draining to the coro- 
nary sinus. These echoes were best visualized behind the 
aortic root at the A-V junction (Fig. 3). They were also 
well seen at a location posterior and superior to the 
tricuspid valve behind the right atrium in the patients 
with total anomalous pulmonary venous drainage to the 
superior vena cava or coronary sinus and they repre- 
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sented the right horn of the common pulmonary venous 
chamber (Fig. 4). The common pulmonary venous 
chamber was not detected in the one infant with 
anomalous pulmonary venous drainage to the portal 
system. 

Phasic movements of echo complexes: These linear 
echo complexes behind the aortic root and the left 
atrium showed characteristic anterior motions during 
late ventricular diastole and mid systole (Fig. 3). The 
diastolic anterior motion was consistently observed 
between the P wave and the QRS wave of the electro- 
cardiogram at the time of atrial systole. The systolic 
anterior motion followed the QRS complex of the elec- 
trocardiogram and had variable amplitude. These 
phasic movements reflect volume changes in the coro- 
nary sinus and the left atrium. During atrial systole the 
left atrium contracts with anterior movement of its 
posterior wall; there is presystolic emptying of the cor- 
onary sinus and diminution of its volume. However, 
during ventricular systole, when the right atrium is 
being filled from the systemic veins, coronary sinus flow 
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is impeded, resulting in coronary sinus expansion 3nd 
increased encroachment on the left atrium manifested 
in the echocardiogram by the systolic anterior motion 
of the anterior coronary sinus wall. 

Echocardiographic measurements: Right ven- 
tricular enlargement and paradoxic interventricular 
septal motion were noted in all patients (Table I). The 
left atrium and left ventricle were small in four of the 
five patients with anomalous pulmonary venous 
drainage. The systolic time intervals of the right ven- 
tricle showed an abnormally increased ratio between 
preejection time and right ventricular ejection time in 
three of the four patients with elevated pulmonary ar- 
terial pressure. 

Postoperative echocardiographic examinations: 
These studies failed to demonstrate the characteristic 
abnormal echo in the patients who had correction of 
total anomalous pulmonary venous drainage, but the 
echo was repeatedly observed in the patient with per- 
sistent left superior vena cava draining to the coronary 
sinus after repair of a secundum atrial septal defect. 


FIGURE 1. Case 6. Enlarged coronary 
sinus due to persistent left superior 
vena cava. Injection of 3 ml of 5 per- 
cent dextrose in water into the left su- 
perior vena cava shows initial opacifi- 
Wi Al. cation (arrow) of the coronary sinus 
(oos Me. (CS) posterior to the anomalous undu- 
i af lating echo (*) located behind the aortic 
root (AO) and left atrium (LA). The left 
atrium lies anterior to this anomalous 
echo and shows no echocardiographic 
contrast material. The right ventricular 
outflow tract (RVO) subsequently be- 
comes heavily opacified because of 
forward flow from the right atrium. Note 
the distortion of the aortic root due to 
oblique angulation. 


FIGURE 2. Case 3. Total anomalous 
pulmonary venous drainage with 
anomalous pulmonary venous return to 
the coronary sinus (CS). Injection of 3 
ml of 5 percent dextrose in water into 
the left atrium (LA) shows opacification 
of this chamber (arrow); the space 
posterior to the anomalous echo (*) 
remains clear and indicates the position 
of the enlarged coronary sinus (CS). AO 
— aorta; RVO - right ventricular out- 
flow tract. 
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‘Pathologic studies: These studies showed that in the 
three heart specimens in which the pulmonary veins 
returned to the coronary sinus, the enlarged coronary 
sinus was in close and consistent proximity to the pos- 
terior wall of the aorta. 'The aortic valve and the coro- 
nary sinus were in approximately the same horizontal 
plane, and the coronary sinus was related to the inferior 
part of the posterior wall of the left atrium as in the 
normal heart. 

In the 13 heart specimens in which the pulmonary 


venous drainage entered the left superior vena cava by 
way of the innominate vein, the common pulmonary 
venous chamber lay posterior and superior to the level 
of the aortic valve. This chamber was directly posterior 
to the left atrium in four patients but was related only 
to the superior aspect of the left atrium in nine pa- 
tients. 

In the four heart specimens with infradiaphragmatic 
pulmonary venous return, the common pulmonary ve- 
nous chamber formed the upper two limbs of a Y- 
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FIGURE 3. Scans from the aorta (AO) 
to the left ventricle (LV) in Cases 1 
(top), 2 (center) and 3 (bottom) with 
total anomalous pulmonary venous 
drainage into the coronary sinus (CS) 
showing morphologically identical 
anomalous undulating echoes (*) at the 
A-V junction dorsal to the aortic root 
(AO) and left atrium (LA). Characteristic 
anterior motion of the anomalous echo 
is well seen during atrial (a) and ven- 
tricular (v) systole. This anomalous 
echo marks the anterior wall of the Rvo] 
coronary sinus, and the thickened less 

mobile echo posterior to it demarcates 

the posterior wall of the coronary sinus. A O | 
The left atrium is represented by the 

clear space between the coronary L [ 
sinus and aortic root. MV = mitral 

valve; RV = right ventricle; RVO = right CSt 
ventricular outflow tract; S — septum; 

TV = tricuspid valve. 
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FIGURE 4. Top, tricuspid valve (TV) view in a 
child with coarctation of the aorta, obtained by 
placing the echocardiographic transducer at 
the low left parasternal region and angulating 
it so that the ultrasonic beam is directed 
rightward and superiorly. Five ml of 5 percent 
dextrose in water was injected into the right 
atrium (RA), which opacified first with subse- 
quent opacification of the right ventricle (RV). 
Note the position of the tricuspid valve anulus 
(TVA). Center and bottom, similar tricupsid 
valve view in Cases 1 (center) and 5 (bottom), . 
with total anomalous pulmonary venous 
drainage, showing an anomalous echo com- 
plex separating the right atrium (RA) anteriorly 
and the common pulmonary venous chamber 
(CPVC) posteriorly. 
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shaped structure. This chamber was caudal to the aortic 
valve and lay behind the posterior wall of the left atrium 
in two patients and was related only to the lowermost 
part of the left atrium in two (Fig. 5). 


Discussion 


Echocardiographic features of enlarged coro- 
nary sinus due to anomalous pulmonary venous 
drainage: Our study has shown that an abnormally 
enlarged coronary sinus, resulting from either anoma- 
lous pulmonary venous drainage or persistence o* a left 
superior vena cava, can be detected posterior to the left 
atrium at the A-V groove using the aortic valve as a 
reference point. This structure is further characterized 
by a linear echo complex with distinctive systolic and 
diastolic phasic motion. The pathologic material indi- 
cates that when the coronary sinus is grossly enlarged, 
it encroaches on the dorsal aspect of the left atrium. The 
characteristic coronary sinus echo complex was detected 
at this site in all three patients with anomalous pul- 
monary venous return to the coronary sinus and, addi- 
tionally, the right horn of the common pulmonary ve- 
nous chamber was detected at a site posterior to the 
right atrium. However, no such chamber was seen be- 
hind the right atrium in the patient with persistent left 
superior vena cava draining to the coronary sinus, and 
this echocardiographic finding may serve as a distin- 
guishing feature between these two causes of an en- 
larged coronary sinus. ‘The normal-sized coronary sinus 
does not encroach on the posterior wall of the atria and 
is thus not detectable with the echocardiogram in nor- 
mal hearts or hearts with other congenital malforma- 
tions. 

Spurious linear echoes of a different type, without a 
distinct phasic pattern, may be seen behind the aortic 
root in the left atrium of normal children and children 
with congenital heart disease.’ In our experience these 
echoes are indistinct and interrupted and have no 
consistent oscillatory pattern during the cardiac cycle. 
Furthermore, they are not consistently visualized at any 
particular site, and with proper angulation can usually 
be made to disappear. 

Total anomalous pulmonary venous drainage to 
sites other than the coronary sinus: This condition 
has not been consistently diagnosed echocardiograph- 
ically by us or others. In this form of the anomaly, the 

.pathologic material indicates considerable positional 
variation of the common pulmonary venous chamber 
with reference to the left atrium. In patients with su- 
pracardiac pulmonary venous return, the common 
pulmonary venous chamber was directly posterior to the 
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FIGURE 5. Lateral view cineangiographic tracing of the left atrium (L.A.) 
and the common pulmonary venous chamber (C.P. V.C.) from an infant 
with total anomalous pulmonary venous drainage to the portal system. 
The common pulmonary venous chamber lies inferior to the lower 
aspect of the left atrium and farther caudal to the aortic root (AO.) and 
would require a very oblique angulation of the ultrasonic beam 
(cross-bar scan position 3) to be detected. The right pulmonary veins 
(R.P. V.) lie to the right of the left atrium. L.P.V. = left pulmonary veins; 
L.V. = left ventricle; M.V. = mitral valve; T = transducer; V.V. = vertical 
vein. 


left atrium in a few specimens but was related to its 
superior aspect in the majority. Thus, in most cases the 
common pulmonary venous chamber is near the supe- 
rior aspect of the left atrium and lies far cephalad to the 
aortic valve: hence, a very oblique transducer angulation 
is required for its detection. In patients with subdi- 
aphragmatic pulmonary venous drainage, the common 
pulmonary venous chamber was caudal to the aortic 
root and caudal to the inferior aspect of the left atrium 
in half of the specimens examined (Fig. 5). These vari- 
ations in the relation of the common pulmonary venous 
chamber to the left atrium and the constraints placed 
on successful transducer alignment contribute to the - 
difficulty in achieving a consistent diagnosis of this le- 
sion with the single crystal M mode technique. 
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The epidemiology and autopsy findings of death from ischemic heart 
disease were studied among 7,998 Finns who died at age 15 to 24 years 
between 1961 and 1971 (9,150,000 person-years). In 34 of this group, 
ischemic heart disease was indicated as the cause of death in the death 
certificate. Eight cases were excluded, six because of questionable ev- 
idence of ischemic disease and two because of the presence of another 
severe underlying disease. With 26 accepted deaths, the incidence of 
death from ischemic heart disease was 0.51/ 100,000 man-years and 
0.04/100,000 woman-years, respectively. The World Health Organization 
criteria for acute ischemic heart disease were met in 21 cases (81 per- 
cent); in the remaining 5 cases, death had occurred suddenly with no other 
known cause. In 24 of 25 cases with a known time of onset of the fatal 
attack, death occurred within 24 hours of onset. The acute symptoms 
appeared during or immediately after physical exertion in 13 subjects (65 
percent); in 5 of these the exercise was approximately maximal. Eight 
of 20 subjects with available data had a history of previous chest pain or 
arrhythmia. Autopsy was performed in 19 cases (73 percent). A stenosing 
process in the coronary arteries was found in 17 patients (89 percent). 
Among 15 to 19 year olds the stenosis was generally ostial and non- 
sclerotic; ostial stenosis was found in half of this group. After age 20, 
atherosclerosis was the major cause of coronary stenosis. The role and 
etiology of sclerotic and nonsclerotic coronary processes as a cause of 
acute ischemic heart disease in young persons are discussed. 


The observation of a wide prevalence of atherosclerotic changes in the 
coronary arteries of young American soldiers in the Korean war! focused 
interest on latent coronary disease. The problem has been studied at 
autopsy in both middle-aged and young adults?“ and in children? and 
with exercise electrocardiography in middle-aged persons.’ The results 
have varied considerably, especially in autopsy series, depending on the 
population studied, the age and sex of the subjects and the criteria used.® 
A representative study of atherosclerosis of the aorta and coronary ar- 
teries in five European towns (Malmé, Prague, Ryazan, Yalta and Tal- 
lin)? included 895 autopsy studies of patients aged 10 to 29 years: 
Greater than 50 percent stenosis of a coronary artery was occasionally 
found in men aged 20 to 24 years and in women aged 25 to 29 years. 
Epidemiologic data on deaths from ischemic heart disease among 
middle-aged persons are available from vital statistics and also from 
community studies, such as those in Finland,!? but corresponding data 
on young persons are scarce. Coronary heart disease was responsible for 
one third of sudden deaths in the 1940's among American soldiers less 
than 40 years old!!; among Finnish conscripts aged about 20 years it 
accounted for 13 percent of sudden deaths from 1948 to 1972.12 ° 
The mortality rate from coronary heart disease among the middle- 
aged is highest in Finland according to World Health Organization 
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TABLE ! 


Age and Sex Distribution in 26 Autopsy and Clinically 
Documented Deaths From Ischemic Heart Disease * 





Autopsy Cases Clinical Cases 
n n 
Age Deaths AIHD Deaths AIHD 
ENVOI NS TPIM T WM Fr jT 
15 — — 1 hee = i Rm 1 
16 — 1 =- — o o c 1 
17 — — 2 =- s iss: 2 
18 — — 1 — — — 1 — 2 
19 — — 3 —— — 1 — 4 
20 — — 1 — — = | — 1 
21 — — 1 memo 5: —-- a om 1 
22 — — 2 1 1 —— — 4 
23 1 — —_— oA — hl 1 — 2 
24 1 — 4 — 1 — 2 — 8 
Total 2 1 15 1 2 — 5 — 26 


* Deaths meeting World Health Organization criteria for acute 
ischemic heart disease (AIHD) and sudden deaths in subjects with no 
other known disease that could explain the death. 


statistics. This study describes the epidemiologic and 
autopsy findings in deaths due to ischemic heart disease 
among young Finns. 


Material and Methods 


The study population comprised a total of 830,000 Finns 
aged 15 to 24 years in 1961 to 1971, approximately 9,150,000 
person-years. Deaths from ischemic heart disease!? were 
studied. When ischemic heart disease was noted in the death 
certificate, the following documents were obtained and ana- 
lyzed: (1) protocols of medicolegal autopsies, including data 
on circumstances of fatal illness, results of microscopic and 
histochemical examinations and findings of toxicologic 
analyses and of other examinations performed at autopsy; (2) 
outpatient and inpatient hospital records of deaths in hospi- 
tals and protocols of medical autopsies in these cases; and (3) 
data on medical history, circumstances of death and records 
of external examination of the corpse when death occurred 
outside the hospital and autopsy was not performed. 

Ischemic heart disease was recorded in death certificates 
as the cause of death in 34 persons aged 15 to 24 years during 
the period of study. After a detailed analysis of the collected 
data, six cases were excluded because they did not meet the 
criteria for acute ischemic heart disease and the presence of 
other known diseases, as well as data on the fatal attack, 
suggested other mechanisms of death. 

Acute ischemic heart disease was accepted as a cause of 
death in 28 young Finns, including 21 with autopsy confir- 


* mation. Two young men with autopsy verification of acute 


ischemic heart disease had a severe underlying disease: One, 
aged 21 years, had terminal juvenile diabetes with retinopathy 
and progressive uremia; the other, aged 23 years, had clinically 
diagnosed primary pulmonary hypertension with a typically 
progressive course. The exclusion of these two patients with 
“secondary ischemic heart disease” left a final series of 24 men 
and 2 women aged 15 to 24 years. 

For the diagnosis of acute ischemic heart disease, the 
recommendations of World Health Organization’ were fol- 
lowed. The criteria were: (1) chest pain as a cardinal symptom 
of fatal attack; (2) electrocardiographic changes typical of 


* acute myocardial infarction; or (3) recent myocardial infarc- 


tion or fresh coronary thrombosis verified at autopsy, or both 


TABLE Il 


Duration of Acute lliness From Onset of Acute Symptoms to 
Death in Autopsy and Clinically Documented Cases 


Autopsy Clinical 
Cases Cases Total 
Instant death 1 1 2 
« 15 min 7 — 7 
<59 min 3 1 4 
<1 hr, 59 min 1 — 1 
<11hr 1 2 3 
<24hr — 1 1 
<24 hr* 6 — 6 
>24 hr — 1 1 
Unknown — 1 1 
Total 19 7 26 


BENE ONE HMM iL o Pn 


* Not otherwise specified. 


(2) and (3). The criteria for sudden death were those proposed 
by Moritz and Morris.!° 


Results 


Incidence of deaths and diagnostic criteria: The 
criteria for death from acute ischemic heart disease or 
sudden death (with no other known cause of death) in 
1961 to 1971 were met by 24 deaths among Finnish men 
aged 15 to 24 years (incidence 0.51/100 000 person- 
years) and by 2 deaths among women (incidence 
0.04/100 000 person-years). The regional distribution 
over the country was roughly even. 

Ten victims (38 percent) were younger than 20 years 
(Table I), but the highest rate was found among those 
aged 24 years (31 percent of the series). Autopsy was 
performed in 19 of 26 cases (73 percent). The World 
Health Organization criteria for acute ischemic heart 
disease were met in 21 cases (81 percent), the electro- 
cardiographic criteria in 2 clinical cases (age 19 and 24 
years, respectively, Table I), the pathoanatomic criteria 
in 15 of 19 autopsy cases (see Table IIT) and chest pain 
as a symptom of the fatal attack in 3 clinical cases (age 
18, 23 and 24 years, respectively, Table D and in 1 au- 
topsy case. 

Fatal attack: Nearly all deaths occurred suddenly; 
in only one case did the fatal attack last longer than 24 
hours (Table II). Most deaths (23 cases, 88 percent) 
occurred outside the hospital. Death occurred most 
frequently in the afternoon (11 cases) and least fre- 
quently at night (2 cases). Of the 20 subjects with data : 
available on the onset of acute symptoms, 13 (65 per- 
cent) first experienced symptoms during or immediately 
after physical exertion; in 5 of the 13 the exertion was 
approximately maximal or near-maximal (intensive 
running or cycling, field maneuvers in the army, or 
similarly strenuous activity). Postprandial gastric dis- 
tension was reported at autopsy in six subjects; in three 
of these the fatal attack was connected with strenuous 
physical exercise. Alcohol consumption shortly before 
death was verified in four men. 
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TABLE lli 
Disease History and Autopsy Findings in 19 Autopsy Cases 
Heart 
Case Age (yr) Previous Weight Recent Coronary 
no. Sex Symptoms (g) MI M H Thrombus M Coronary Artery Disease 
i , 
1 15M Chest pains 365 No 0 0 Yes + Stenosis of left ostium 
2 16F No 296 No 0 0 No 0 Nonsclerotic stenosis in RCA peripherally 
3 17M Unknown 400 Yes 0 0 No 0 Stenosis of left ostium 
4 17M Arrhythmias 370 Yes 0 + No 0 Stenosis of left ostium + sclerotic plaques 
5 18M Arrhythmias TU Yes 0 0 No O Stenosis of right ostium 
6 19M No LAU Yes 0 + No 0 Hypoplasia and sclerotic plaque of LMCA 
g 19M Unknown 340 Yes 7 + No 0 Sclerotic plaques 
8 19M No 354 No 0 0 Yes + Aneurysm in LAD 
9 20M Chest pain, dyspnea 420 No = 0 No — Calcified stenosing nodules in RCA and LAD 
10 21M Chest pain, dyspnea 400 Yes 0 0 No 0 Sclerotic plaques 
11 22M No 400 No 0 0 Yes + Sclerotic plaques 
12 22M No 360 Yes 0 + No 0 Sclerotic plaques 
13 22F No 230 Yes 0 + No 0 No 
14 23M No 460 No 0 0 No 0 Sclerotic plaques 
15 24M Chest pains ye Yes 0 0 No 0 No 
16 24M Arrhythmias v.i No 0 0 No O Sclerotic plaques 
17 24M Unknown 320 Yes 0 0 No O Sclerotic plaques 
18 24M No 349 Yes jJ 0 No 0 Sclerotic plaques 
19 24M No 465 No 0 0 Yes 0 Sclerotic plaques 


— = negative result; + = positive result; 0 = no examination performed; . . 


- = unknown; H = histochemical examination for myocardial infarction; 


LAD = left anterior descending coronary artery; LMCA = left main coronary artery; M = microscopic examination for myocardial infarction; MI 


= myocardial infarction ; RCA = right coronary artery. 


Medical history: Data on previous disease or 
symptoms were available in 20 subjects. Eight men in 
this group (40 percent) had a history of chest pain or 
arrhythmia. In addition, in one subject in the clinical 
series (age 18, Table I), cardiac enlargement had been 
observed on mass miniature X-ray screening. Another 
subject in the clinical series (age 23, Table I) had a his- 
tory of hereditary progressive muscular dystrophy. 
These two patients had chest pain as a cardinal symp- 
tom of their brief fatal attack. Hence, 10 of 20 subjects 
(50 percent) had a history of cardiac symptoms or a 
disease that can affect the heart muscle. On the other 
hand, in only one man had ischemic heart disease been 
suspected as a result of chest pain. This subject’s death 
was sudden (age 24, Table I), and no autopsy was per- 
formed. 

In most cases there was no family history of prema- 
ture sudden death or of clinical myocardial infarction. 
A 19 year old man with coronary aneurysm verified at 
autopsy (Table III) had a brother who had died sud- 
. denly at age 18 years of unknown cause. No subject was 
known to have hyperlipidemia or to have had antilipi- 
demic treatment, and no xanthomas were reported at 
autopsy. 

Autopsy data: A recent myocardial infarction was 
found at autopsy in 11 subjects and a fresh coronary 
thrombosis in 4. Acute ischemic heart disease was thus 
verified in 15 of 19 autopsy cases (79 percent). In several 
cases the findings were confirmed with microscopic or 
histochemical studies (Table III). 

A stenosing process in the coronary arteries was 
observed in 17 of 19 autopsy cases (89 percent) (Table 
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IiI). Because these were routine autopsies, no exact 
estimates of the degree of stenosis were given. In men 
aged 20 to 24 years atherosclerotic plaques constituted 
the major stenosing process in the coronary arteries. In 
contrast, only one of the eight younger patients had 
atherosclerotic plaques as the only stenosing component 
of the coronary arteries. The aortic orifice of one coro- 
nary artery was the major stenotic site in half of the 
younger patients. In at least three of them the ostial 
stenosis was obviously nonsclerotic; there were no 
plaques in the coronary arteries or the aorta. The fourth 
men had, in addition to a marked stenosis of the aortic 
orifice of the left coronary artery, small plaques else- 
where in the coronary arteries. None of these four men 
had a history of infectious disease affecting the heart. 
In addition, a 19 year old man had a hypoplastic main 
trunk of the left coronary artery, which was additionally 
stenosed by a small plaque. 

A 20 year old man had peculiar nodules, 10 to 15 mm 
in diameter and 15 to 25 mm in length, in the coronary ` 
arteries, two in the right coronary artery and one in the 
origin of the left anterior descending coronary artery. 
The nodules were heavily calcified and caused severe 
obstruction. This patient had had acute heart disease 
after an acute infection st age 5 years and had had 
symptoms since that time; he had chest pain during the 
fatal attack. At autopsy he was the only patient with a 
scar in the myocardium. 

Of the two patients with no stenosing coronary artery 
disease at autopsy, one, a man aged 24 years, had a , 
history of chest pain both before and during the fatal 
attack, the second, a woman aged 21 years, had no his- 
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tory of heart disease or symptoms and was 7 months 
pregnant when she died suddenly. 

The mean heart weight at autopsy was 369 g (Table 
III). In no case did the thickness of the left ventricular 
wall exceed 15 mm. No subject had significant cardiac 
valve lesions, vascular disease or congenital defects 
except in the coronary arteries. 


Discussion 


When a young Finn dies from ischemic heart disease, 
detailed examinations are generally carried out. How- 
ever, the validity of death certificates and of other 
health documents may be questioned in retrospective 
studies.!9 Of the 34 Finnish subjects aged 15 to 24 years 
in 1961 to 1971 whose death certificate indicated they 
died of acute ischemic heart disease, 6 were rejected for 
study because the documentation of the cause cf death 
proved invalid and the data suggested some other 
mechanism of death than acute ischemic heart disease. 
After exclusion of two further cases with a severe 
underlying disease, the final series consisted of 26 
deaths that either met the World Health Organization 
criteria for acute ischemic heart disease or were sudden 
deaths with no other known disease that could explain 
the death. Autopsy verification was obtained in 73 
percent of cases. 

Incidence: Deaths from ischemic heart disease were 
uncommon among Finns aged 15 to 24 years; the ac- 
cepted cases gave an average rate of 0.28/100 000 per- 
son-years in 1961 and to 1971, that is, only about 1 
percent of the disease mortality in this age group.’ The 
male/female ratio was high (12:1) as expected.!® The 
proportion of persons younger than 20 years (38 per- 
cent) was rather high compared with that of other 
studies.18:19 However, the death rate was highest for 
those aged 24 (eight cases; 31 percent of the series). In 
eastern Finland the mortality rate from coronary heart 
disease among the middle-aged is the highest in the 
world, higher than in other parts of the country; how- 
ever, among the young the deaths from ischemic heart 
disease were not concentrated in the east. In this age 
range death from ischemic heart disease is rare in all 
populations and is evidently caused by exceptional in- 
dividual factors rather than general population char- 
acteristics. 

Clinical features: Ischemic heart disease in young 
persons tends to occur suddenly: in 24 of our 25 subjects 
‘with available data, death occurred within 24 hours of 
the onset of the fatal attack. The suddenness of the fatal 
event seems to be an even more prominent feature in the 
young than in the middle-aged. For example, in the 
Ischemic Heart Disease Register of Helsinki, 73 percent 
of the deaths in men and 66 percent of those in women 
occurred within 24 hours.1? On the other hand, we do 
not know how many myocardial infarctions were diag- 
nosed in patients aged 15 to 24 years and how many 
patients recovered from their infarction in Finland in 
. the study period. Because young people rarely have 
chronic myocardial damage, their chance of survival 
after hospitalization may be better than that of older 


patients with more frequent myocardial hypertrophy 
and old infarctions. Only one of our subjects had an old 
myocardial infarction verified at autopsy, and no subject 
had clear autopsy evidence of left ventricular hyper- 
trophy. 

Death, in addition to occurring suddenly, was also 
unexpected in at least half of the cases. Approximately 
40 percent of the patients had previously had cardiac 
symptoms, chest pain or arrhythmia, but none had re- 
ceived drug therapy. Invariably, ischemic heart disease 
was diagnosed only during the fatal illness or after 
death. There appear to be few opportunities to predict 
sudden death from ischemic heart disease among the 
young, and such prediction may be possible only in ex- 
ceptional cases. This conclusion is in agreement with the 
results of previous studies.1?.70 

Precipitating factors: Sudden death often occurred 
during physical exertion or immediately after it. Per- 
formance of maximal or near maximal physical exercise 
was known in 5 of the 20 cases in which data were avail- 
able. Additional precipitating factors may have been 
exercise after eating and alcohol consumption shortly 
before the fatal event. Acute precipitating factors seem 
to be associated with sudden death more frequently in 
the young than has been reported among the middle- 
aged.1? 

Coronary ostial stenosis: A stenosing process in the 
coronary arteries was found at autopsy in a large pro- 
portion of cases (89 percent). Atherosclerotic plaques 
were considered the only cause of ischemic heart disease 
in only one of eight patients under age 20 years, how- 
ever, coronary ostial stenosis was strikingly common (50 
percent) in this age group. Nonsclerotic ostial stenosis 
is also found in a small proportion of older persons who 
die of ischemic heart disease.?! In addition, one subject 
in our series had peripheral nonsclerotic stenosis and 
no history of symptoms. Because the stenotic sites were 
not examined with microscopy, the nature of the lesions 
cannot be defined. In principle, the lesions may be 
congenital or acquired. Three of our four subjects with 
ostial stenosis had a history of symptoms, arrhythmia 
or chest pain. No myocardial or cardiac valve signs of 
a previous rheumatic or infectious disorder could be 
demonstrated. Granulomatous arteritis (such as Ta- 
kayasu's disease) can involve the coronary ostia.?? 
However, no aortic lesions were recorded in our series. 
Nonspecific coronary arteritis, presumably viral in 
causation, may also result in luminal narrowing.?? The 
postinfectious origin was obvious in a rare condition . 
present in a man who had severely obstructing calcified 
nodules 10 to 15 mm in diameter in the left anterior 
descending and right coronary arteries. Arteritis, 
posttraumatic strictures and mural thickening with 
severe metabolic diseases have been reported as causing 
coronary stenosis, leading to ischemia.?? 

Congenital coronary anomaly: Two of our subjects 
had a probable congenital anomaly in the coronary ar- 
teries, that is, hypoplasia of the main left coronary trunk 
and a coronary aneurysm. Aneurysms may also be 
posttraumatic or postinfectious as a result of an infec- 
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tious embolus.?? The congenital origin was supported 
in the latter patient by the lack of signs of endocarditis 
and by the history of his brother's sudden death. 
Coronary atherosclerosis: In subjects aged 20 to 24 
years, in contrast to the younger patients, the main 
cause of the coronary stenosis was atherosclerosis. A 
previous postmortem study of a Finnish series of violent 
deaths showed a significant raised lesion (surface area 
50 mm? or more) in the coronary arteries in 1 of 15 men 
aged 15 to 19 (7 percent) and in 7 of 20 men aged 20 to 
24 years (35 percent)5; in women the first raised lesions 


were found at age 30 years. The two women in our series 
had no coronary sclerosis. The findings in men suggest 
that under age 20, death from ischemic heart disease as 
a result of stenosing coronary atherosclerosis is ex- 
tremely rare, but by age 25, the natural course of coro- 
nary atherosclerosis begins to take its first victims, 
particularly in a high risk population like Finland. No 
subject in our series had a known history of familial 
disturbance of lipid metabolism. A study of the risk 
factors among the relatives of our patients appears to 
be a natural follow-up to this study. 
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The anginal status of the Framingham cohort was ascertained in a uniform 
manner during 20 years of follow-up studies. There were 74 men and 84 
women with newly acquired angina that was not complicated with other 
manifestations of coronary heart disease. Remission of new angina 
pectoris for at least 2 years occurred in 32 percent of the men and 44 
percent of the women. In angina that had persisted for several years, the 
subsequent remission rates were lower (14 percent for men and 19 per- 
cent for women). The similarity of coronary risk attributes of subjects with 
transient or persistent angina supports the hypothesis that both conditions 
may be true manifestations of coronary artery disease. Persistence of 
symptoms seems to indicate a more severe form of the disease charac- 
terized by nonspecific S-T segment or T wave abnormalities. It is asso- 
ciated with a greater incidence of myocardial infarction and death than 
in subjects with transient angina. The generally high remission rates must 
be taken into account in considering drastic surgical or medical remedies 
for clinical angina pectoris. Also, other possible causes for the chest pain 
should be sought. 


The clinical course of angina pectoris is becoming well documented, 
providing more precise estimates of the magnitude of the risk of myo- 
cardial infarction and death. However, the frequent occurrence of 
spontaneous remission of symptoms is often overlooked in the natural 
history of angina. This spontaneous remission rate is of particular im- 
portance in clinical trials evaluating various modes of therapy. 

The cohort of the Framingham Heart Study has been under obser- 
vation for the development of angina pectoris as well as other cardio- 
vascular events for 20 years. The occurrence of anginal symptoms as well 
as their remission has been routinely documented. This report examines 
the frequency in the Framingham cohort of spontaneous remission of 
angina pectoris and its prognostic implications. 


Methods 


Angina pectoris is a clinical syndrome. It cannot be defined with the coronary, 
angiogram or the exercise electrocardiogram because abnormalities indicated 
by these procedures are often unaccompanied by ischemic chest pain. Like any 
laboratory test, a history of angina has a technical error that impinges on its 
validity and reliability. On evaluating the prognosis of presumed angina pectoris 
according to the severity of coronary artery disease judged from angiography 
or the exercise electrocardiogram, patients with negative findings will have a 
more favorable prognosis. This raises the question whether these fortunate 
persons have "true" angina. Because there is no test specific for ischemic chest 
pain, there is no way to resolve this issue. This study of the prognosis of inter- 
mittent angina suffers from the same problem. Nevertheless it has relevance 
in evaluating what is basically a clinical syndrome. 

Study protocol: The Framingham Study documented the occurrence in the 
cohort of all cases of angina pectoris by means of a standardized medical history 
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FIGURE 1. Form used to obtain medical history. 


included in the routine biennial examinations (Fig. 1). The 
medical examination also included a detailed investigation 
for the occurrence of other cardiovascular disease and certain 
other historical information, as well as measurements of many 
physiologic characteristics. Out-of-clinic surveillance for 
disease was maintained by a review of hospital and physician 
records, medical examiners’ reports and death certificates! 
Follow-up has been reasonably complete, 85 percent re- 
sponding to each examination. Follow-up for death was more 
complete, with only 2 percent lost to follow-up.? 

Although not ideal, the Framingham Study offers a more 
comprehensive than usual assessment of the natural history 

. of angina in general and of spontaneous remissions in par- 
ticular. The natural history is available not only for persons 
who sought medical care but also for those who did not seek 
it or continue under such care. Only slightlv more than half 
of patients with angina were taking medication for relief of 
symptoms. During the period reported on, no patient had 
cardiac surgery. 

Diagnosis of angina: Angina is a subjective phenomenon, 
and its diagnosis is uniquely dependent on a history of chest 
discomfort and based on an evaluation of symptoms little 
different from the original description by Heberden? in 1772. 
Although physical findings during the attack, the exercise 
electrocardiogram and the associated coronary risk profile 
may all help to clarify the problem, the diagnosis of angina 
ultimately depends on a careful evaluation of symptoms. A 
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variety of anginal syndromes have been described, including 
unstable angina, impending infarction, Prinzmetal’s angina, 
intermediate syndrome and crescendo angina.*-8 However, 
stable recurring angina with attacks of brief duration, pro- 
voked by exertion and promptly relieved by rest, is the most 
common and securely founded entity. 

In the Framingham Study, angina was diagnosed when 
symptoms of substernal distress of short duration (less than 
15 minutes), distinctly related to exertion and relieved by rest 
or nitroglycerin, were elicited. All suspected cases were con- 
firmed by a second examining physician, and the diagnosis was 
rejected if the findings were not consistent or another expla- ' 
nation was found. No electrocardiographic findings, either at 
rest or with exercise, were required for a diagnosis.? 

A cardiovascular history designed to elicit symptoms of 
angina was administered to each subject every 2 years. The 
data on appearance and disappearance of angina must be 
considered in the context of these 2 year intervals. We are not 
describing daily or monthly variation in symptoms. Persistent 
uncomplicated angina pectoris was defined as angina that was 
not complicated by other clinical manifestations of coronary 
heart disease and that persisted at least one examination after 
the examination of onset (that is, for two consecutive biennial 
examinations). Transient uncomplicated angina pectoris was 
defined as uncomplicated angina that was followed by a neg- 
ative history of interim angina on the next examination. Ad- 
ditionally, it was required that no other clinical manifestation 


TABLE | 


Frequency of Persistent and Transient Uncomplicated 
Angina Pectoris 


tc  ' O. 
no. 96 no. 96 
Persistent* 50 68 47 56 
Transient 24 32 37 44 
Total 74 100 84 100 


* The difference between men and women in percent of those with 
persistent angina is not statistically different from 0. 


TABLE Il 


Prognosis After Persistent Versus Transient Uncomplicated 
Angina Pectoris 


no. With 
Uncomplicated Percent 
Angina Dead in 
Pectoris 4 Years 
Persistent* 
Men 50 20 
Women 47 11 
Transient* 
Men 24 0 
Women 37 3 


* Chi-square test, null hypothesis: Percent dead with persistent an- 
gina pectoris equals percent dead with transient angina pectoris; 
probability (P) «0.05. 


of coronary heart disease occur in the interim examination 
after the onset of angina. 


Results 


During the first eight biennial examinations of the 
Framingham Heart Study (1948 to 1966), 74 men and 
84 women experienced uncomplicated angina pectoris 
of either a transient or a persistent nature (Table I). By 
the definition given, the angina in 32 percent of men and 
in 44 percent of women was transient in character. Thus, 
remissions of at least 2 years’ duration were fairly 
common. 

Persistent versus transient angina: The prognosis 
of persistent angina was substantially worse than that 


TABLE IV 
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TABLE Ill 


Myocardial Infarction (MI) After Persistent Versus Transient 
Uncomplicated Angina Pectoris 


no. With 
Uncomplicated Percent 
Angina With MI 
Pectoris in 4 Years 
Persistent* 
Men 50 12 
Women 47 6 
Transient 
Men 24 0 
Women 37 0 


Chi-square test, null hypothesis: Percent of subjects with persistent 
angina pectoris having a myocardial infarction equals percent of 
TP] co. with transient angina having a myocardial infarction (probability 

P .05). 


of the short-term transient angina. In men, 20 percent 
of those with persistent angina were dead within 4 years 
(Table II). In contrast, no deaths occurred in the same 
interval in men whose angina had disappeared. The 
more severe prognosis of persistent angina was also seen 
in women. Because there is little difference in the age 
distribution of the patients with persistent or transient 
angina, age differences cannot account for this differ- 
ence in mortality. The incidence of myocardial infarc- 
tion was also greater in patients with persistent angina 
(Table III). No infarctions were observed in 4 years 
among patients of either sex with transient angina. 
Risk factors in persistent versus transient angi- 
na: The better prognosis in subjects whose angina dis- 
appeared for 2 or more years could be a consequence of 
a faulty diagnosis because no objective criteria were 
employed. However, the profile of risk attributes at the 
time of diagnosis suggests that this is not the case (Table 
IV). The levels of systolic blood pressure, serum cho- 
lesterol, relative weight and left ventricular hypertrophy 
are not statistically different in the groups with tran- 
sient or persistent angina. The mean ages are almost 
identical in the two groups. Only the prevalence of 
nonspecific T wave or S-T segment abnormalities is 
greater in the group with persistent angina. The simi- 
larity of predisposing factors in the two groups suggests 


Attributes in Transient and Persistent Uncomplicated Angina Pectoris: Framingham Heart Study, Men and Women 


Uncomplicated Angina Pectoris 


Men 
Transient Persistent 
Mean systolic blood pressure (mm Hg) 142 139 
Mean serum cholesterol (mg/dl) 248 246 
Mean relative weight (96) 124 123 
Left ventricular hypertrophy (96) 8 14 
Nonspecific T or S-T abnormality (96) 8 32 
* Mean age (yr) 2 ^ 


Women 
Significance Transient Persistent Significance 
NS 165 163 NS 
NS 275 271 NS 
NS 130 132 NS 
14 26 NS 
P «0.05 19 19 NS 
NS 60.6 60.1 NS 
37 47 


Cases (no.) 


NS = not significant; P = probability. 
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TABLE V 


Patterns of Angina in Those With Persistent Uncomplicated 
Angina Pectoris (History at Biennial Examinations After 
Onset) 





Persistent at 96 Distribution 
2 Yr 4 Yr 6 Yr Men Women 
^ en -— 14 19 
+ + - 6 14 
+ — t 11 8 
tT + + 69 58 
+ = present; — = absent. 


that the cases of transient angina are not misdiagnosed. 
Therefore it appears that disappearance of symptoms 
in itself indicates an improved prognosis in cases of true 
angina. 

Late remission of persistent angina: Even persis- 
tent angina shows frequent subsequent remissions. 
Table V records data from subjects who were alive and 
whose history was available for two examinations after 
their initially persistent symptoms. Of those who had 
a positive history of angina on two consecutive exami- 
nations, 69 percent of men and 58 percent of women 
continued to have angina for a total of four consecutive 
examinations. The others had varying patterns of re- 
missions and recurrences, including 14 percent of the 
men and 19 percent of the women who reported no an- 
gina for two examinations after previously persistent 
symptoms. 


Discussion 


When a patient is allowed to progress from being a 
high risk candidate for coronary disease to having 
symptomatic angina pectoris, he is likely to have major 
occlusive disease of one or more coronary arteries. 0 
When the neglected candidate for coronary disease has 
reached this stage, he really constitutes a medical failure 
rather than a first indication for treatment. Neverthe- 
less, there are many patients with established angina 
who seek relief from their symptoms and protection 
against the high risk of disability, myocardial infarction, 
congestive failure and premature death. 

Natural history of angina pectoris: In considering 
therapy to relieve the suffering and disability of the 
patient with angina, it is helpful to know the true nat- 
_ ural history of established stable angina. Although the 
angina can be incapacitating, most patients adjust to 
the disease reasonably well and are able to live within 
their exercise tolerance. Few are forced to give up their 
usual line of work. Because physicians mainly encounter 
patients with the more serious complaints, angina has 
a reputation of being a severely disabling disease. 

Although the presence of angina does increase the risk 
of subsequent morbidity and mortality, this is not 
uniformly so. Symptoms in a substantial percent of 
patients actually disappear, and this remission seems 
to indicate a better prognosis than persistent symp- 
toms. 
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Other sources!!!2 have noted a remission of symp- 
toms for long periods of time or permanently, even after 
angina had been present for many months or years. 
Friedberg!! attributed this remission to the develop- 
ment of collateral circulation or to fibrosis of the isch- 
emic myocardium as a result of eventual complete cor- 
onary occlusion. Angina has been noted to subside or 
disappear completely with the development of con- 
gestive heart failure or permanent atrial fibrillation. 
Remission in these cases has been attributed to a re- 
duction in physical activity imposed by these cardiac 
complications.!! 

Although specific data are sparse, it is the impression 
of most clinicians that remissions are uncommon. 
Blumgart!? noted that “... in a small proportion of 
patients marked temporary improvement may occur, 
evidently owing to the development of adequate col- 
lateral channels to regions of myocardial ischemia, or 
the correction of associated conditions such as thyro- 
toxicosis or anemia. An occasional patient may indeed 
be permanently relieved of the distress."!? The Fram- 
ingham data suggest that remission is much more 
common than this passage indicates. 

Mechanisms for remission of angina: The mech- 
anism responsible for the disappearance of angina is not 
well established. Theoretically it should follow devel- 
opment of collateral circulation to compensate for the 
compromised circulation to the ischemic segment of 
myocardium. More often it probably follows a decrease 
in demand put on the heart as the patient learns to live 
within his exercise tolerance. 

Relief of angina pectoris and improved cardiac per- 
formance under a work load must be related to either 
an improved supply of oxygen and blood to the heart or 
to a reduced oxygen demand. The major determinants 
of myocardial oxygen demand include the intramyo- 
cardial tension (intraventricular pressure, ventricular 
volume and myocardial mass), the heart rate and the 
contractile state.!^ The tension-time index has been 
used as an index of myocardial oxygen demand.!5 An 
examination of the tension-time index at rest in the 
Framingham Study (product of heart rate and systolic 
blood pressure) in those who had a remission versus 
those with established angina pectoris did not reveal any 
significant differences. Evidently myocardial oxygen 
consumption in the resting state is not related to the 
loss of angina. 


The claim that angina is often eliminated by an in- . 


terim infarction that destroys the ischemic myocardium 
responsible for the pain is not supported by our data. 
Interim infarctions were less, not more, common in 
those whose angina disappeared. The better prognosis 
of patients with transient angina is also inconsistent 
with this hypothesis. 

Diagnostic and prognostic implications: It is 
possible that those whose angina disappeared promptly 
or whose angina was intermittent did not in fact have 
angina. Coronary angiographic studies frequently fail 
to show significant coronary artery disease in patients 
suspected of having angina. There is no way to exclude 
this possibility definitely, although the risk factor 





profile of the subjects with transient angina was similar 
to that of patients with persistent angina. 

It is not clear from these data what the proper con- 
clusion should be. Does true angina often go into re- 
mission and, when it does, does the remission indicate 
a good prognosis? Or is it that when a remission occurs 
it is wise to consider and seek out another cause for the 
chest pain? Angiography was not performed in these 
subjects, but this procedure would not really settle the 
matter either. Severe coronary artery disease may be 
evident in an angiogram in patients with no chest pain. 
There is no escaping the fact that angina pectoris is a 
clinical syndrome and a physiologic state. It is not an 
anatomic condition or an electrocardiographic abnor- 
mality at rest or with exercise. Frequently, persons with 
blatantly positive ischemic electrocardiographic exer- 
cise responses have no chest pain either during the 
exertion or between tests. Angina as diagnosed in this 
study by experienced investigators, using a structured 
examination procedure, whether associated with myo- 
cardial infarction or not, carries a distinctly worse than 
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average risk of myocardial infarction and death. This 
lends some substance to the possibility that all of these 
patients have “true” angina. In any event, no other ex- 
planation for the chest pain was uncovered even after 
prolonged observation. 

Therapeutic implications: Unless aggressive 
medical and surgical remedies are confined to persistent 
and truly incapacitating clinical angina, there is every 
indication that the treatment may be more dangerous 
than the disease. Transient or remittent clinical angina 
appears to be another contraindication to coronary 
bypass surgery and hazardous medical treatment. An- 
giographic and physiologic investigation of why a sub- 
stantial amount of angina disappears may shed some 
light on the reason for the excellent prognosis and may 
suggest better remedies for the condition than those 
currently available. More detailed routine studies to 
exclude other possible causes of chest pain in subjects 
with remittent angina to determine how often this an- 
gina is on some other basis would also seem indicat- 


ed. 
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Of 4,196 patients undergoing coronary angiography, 297 (7 percent) had 
left main coronary arterial narrowing. In 188 (4.5 percent) the narrowing 
was greater than or equal to 70 percent and in 109 (3 percent) it was 
between 50 and 69 percent. Three patients (1 percent) died at cardiac 
catheterization. Saphenous vein bypass graft surgery was performed in 
267 patients with an operative mortality of 7 percent: in 179 patients the 
left main coronary narrowing was greater than or equal to 70 percent 
(operative mortality 9 percent), and in 88 between 50 and 69 percent 
(mortality rate 2 percent). There was an average of 2.6 grafts per patient. 
The course of these patients was followed up for 4 3/4 years. At 1 year 
there was a 92.2 percent survival rate. The rate of survival at 2, 3 and 4 
3/4 years, was 91, 89 and 86 percent, respectively. After saphenous vein 
bypass graft surgery, 75 percent of patients are angina-free and 22.4 
percent are in improved condition. Grafts were studied in 51 patients and 
85 percent of 128 grafts were found to be patent. It appears that there is 
improvement in survival and a reduction of symptoms after saphenous 
vein bypass graft surgery in patients with left main coronary arterial 
narrowing. 


Significant narrowing of the left main coronary artery has received 
considerable attention. It is the coronary lesion most often associated 
with impaired quality of life because it is so frequently attended by an- 
gina pectoris,!-? and it has a formidable yearly mortality rate when 
treated medically.^?^ Coronary bypass surgery can commonly be ac- 
complished at an acceptable risk in patients with left main coronary 
arterial narrowing,?-9 and previous reports have shown that these pa- 
tients have an improved quality of life and increased longevity with such 
treatment.!-?75 We therefore analyzed the various features of our pa- 
tients with this disease and attempted to assess the results of surgery. 
Accordingly, this report describes in detail the course of 267 patients with 
left main coronary artery disease who underwent coronary bypass sur- 
gery at this medical center from November 9, 1970 through December 
30, 1975. 


Methods 


Patients: Coronary arteriograms obtained between August 1, 1970 and De- 
cember 12, 1975 were reviewed. There were 4,196 patients studied by coronary 
arteriography during this period. Of these, 297 (7 percent) had left main coronary 
arterial narrowing of at least 50 percent. These 297 patients constituted the total 
study group. The angiograms were reviewed independently by at least one car- 
diologist, a cardiac radiologist and a cardiac surgeon. Left main coronary nar- 
rowing compromising the luminal diameter by 50 percent or more was considered 
"significant." Coronary arteriography was performed with either the Sones (180 
patients) or Judkins (108 patients) method. 

The right anterior oblique projection of the left ventriculogram (and some» 
times also the left anterior oblique projection) was qualitatively and quantita- 
tively evaluated for both localized and generalized disorders of myocardial 
contraction, and the ejection fraction was determined in the right anterior 
oblique plane. 


Y 


Follow-up of all patients was completed through December 
1975 by sending questionnaires regarding the patient’s current 
status to the referring physician. In some instances, when the 
returned information was incomplete, one of us contacted the 
patient by telephone. The survival curve was constructed with 
the actuarial method. 

Clinical features: Thirty of the 297 patients with signifi- 
cant left main coronary arterial narrowing who underwent 
coronary arteriography did not undergo coronary bypass 
surgery. Of these, three (1 percent of the total) died either 
during or within 24 hours after coronary arteriography. All 
three had more than 70 percent narrowing of the left main 
coronary artery, and in all three the narrowing was located 
proximally in the left main coronary trunk. One of the three 
patients had unstable angina with multiple episodes of pain 
at rest both before and during the angiographic procedure. 

Of the 27 remaining patients who did not undergo bypass 
surgery to the left coronary artery, 9 had more than 70 per- 
cent and 18 had 50 to 69 percent luminal narrowing in this 
vessel. Three of the nine with more than 70 percent narrowing 
had sufficient distal involvement of the coronary tree to pre- 
clude adequate bypass surgery. Two died late after catheter- 
ization from coronary causes, one died of cancer and three are 
still surviving and continue to have angina. Of the 18 with 50 
to 69 percent narrowing, 3 underwent right coronary bypass 
surgery because the left coronary vessels could not be tech- 
nically bypassed. The remaining 15 were not operated on 
because they had poor distal vessels or refused surgery. There 
were three late postcatheterization deaths in these 18 patients. 
A group of 15 patients thus survived; 11 of these continue to 
have angina and 4 are angina-free. 

Two hundred sixty-seven (267) patients underwent cor- 
onary arterial bypass surgery. There were 227 men and 40 
women. The age ranged from 26 to 75 years (average 58); 13 
patients were older than 69 years. One hundred thirty-six 
patients (51 percent) had had a previous transmural myo- 
cardial infarction as evidenced by the presence of diagnostic 
Q waves in the electrocardiogram. Of these, 112 had had one 
myocardial infarction, and 24 had had two myocardial in- 


TABLE | 


Status of Angina* in 267 Patients With Left Main Coronary 
Arterial Narrowing Undergoing Coronary Bypass Surgery 


Class Class Class Class Un- 
| I lil IV stable! 
10 (3.7 96) 77 (29%)  94(3596)  86(32%) 19 (7 96) 


* New York Heart Association criteria.? 
t Included in class IV. 


TABLE Il 


Angiographic Evaluation of Left Ventricular Function in 
267 Patients 





Ejection Fraction 


0.10-0.19 0.20-0.29 0.30-0.49 >0.50 
6 (2.2%) 17 (6.4%)  80(30%) 164 (61%) 
Cleveland Scar Code 1° 
z Diffuse 
Scar 
(generalized 
Normal 1 Local Scar 2 Local Scars Aneurysm akinesia) 


133 (51%) 79 (29.696) 11 (496) 14(5.2%) 30 (1196) 
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farctions. Twenty-one of the 267 patients (8 percent) had a 
history of congestive heart failure. Angina was the dominant 
symptom in the immediate preoperative period in all but 10 
patients who subsequently underwent surgery. The preop- 
erative angina class (New York Heart Association criteria?) 
was class II in 77 patients (29 percent), class III in 94 (35 
percent) and class IV in 86 (32 percent). Of these 86 patients, 
19 (7 percent) were considered to have unstable angina (Table 
I). 

Table II summarizes the angiographic assessment of de- 
creased left ventricular function. Left ventricular function 
was considered severely abnormal if the ejection fraction was 
between 0.10 and 0.29, moderately abnormal if it was between 
0.30 and 0.49 and normal or mildly abnormal if it was above 
0.50. The ejection fraction was severely reduced in 23 patients 
(8 percent) (less than 0.20 in 6), moderately reduced in 80 
patients (29 percent) and normal or mildly reduced in 164 
patients (61 percent). 

On the basis of the Cleveland Scar Code,!? 133 patients had 
no left ventricular scar, 79 had one scar, 11 had two scars, 30 
had generalized akinesia and 14 had a discrete left ventricular 
aneurysm. 

Surgical procedures performed: A single bypass graft 
was performed in 12 patients (4.5 percent). This graft was 
made to the anterior descending, circumflex or diagonal 
branch of the left coronary artery (Table III). Double bypass 
grafts were performed in 103 patients (39 percent). Of these 
grafts, 23 were performed in patients with two vessel disease 
involving the left main coronary artery plus one of the other 
left branches, and 80 (30 percent) in patients with three vessel 
disease (left main coronary, left coronary branches and right 
coronary artery). Triple bypass grafts were performed in 127 
patients (48 percent) and quadruple bypass grafts in 24 (9 
percent). Ninety-three patients (35 percent) were considered 
to have incomplete vascularization; that is, they had a greater 
number of stenosed coronary arteries than could be success- 
fully grafted. 

Saphenous vein grafts were used in more than 80 percent 


TABLE Ill 
Analysis of Bypass Grafts in 267 Patients* 


Number of Bypass Grafts 





1 2 3 4 
Site of 2 
Vessel Disease 
LMCA only 3 1 1 
LMCA + LAD 3 8 1 
LMCA + LCx 5 2 
LMCA + LAD + 2 9 2 
LOx 
Total 8 23 6 
(996) (296) 
Site of 3 
Vessel Disease 
LMCA + RCA 1 3 2 a 
LMCA + RCA + 1 18 12 1 
LAD 
LMCA + RCA + 4 14 2 
LOx 
LMCA + RCA + 2 56 93 21 
LAD + LCx 
Total 4 80 121 24 
(30%) (45%) (9%) 
Total 12 103 127 24 
(4.5%) (39%) (48%) (9%) 


* Total 697 bypass grafts; 2.6 grafts per patient. LAD = Left anterior 
descending coronary artery; LCx = Left circumflex coronary artery; 
LMCA = left main coronary artery; RCA = right coronary artery. 
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TABLE IV 


Associated Procedures in 267 Patients With Coronary 
Bypass Surgery* 


None 238 (8996) 
Mitral valve repair 6 (2.296) 
Aneurysm resection 6 (2.296) 
Right coronary arterial endarterectomy 16 (696) 
Left coronary arterial endarterectomy 1 (0.396) 


* Average number of grafts per patient: 2.6. 


of patients; 50 patients had internal mammary artery-left 
anterior descending coronary anastomosis. There was an av- 
erage of 2.6 grafts per patient (697 grafts in 267 patients). 

Twenty of the patients operated on had mitral regurgitation 
of a variable degree; mitral valve repair was performed in six 
of these (2 percent) (Table IV). Left ventricular aneurysm 
resection was performed in 6 other patients (2 percent) and 
associated right coronary endarterectomy in 16 patients (6 
percent). 


Results 
Significant Postoperative Complications 


Perioperative acute myocardial infarction (with 
pathologic Q waves) occurred in 19 patients (7 percent). 
None of these patients died and none demonstrated 
significant hemodynamic impairment in the postoper- 
ative period. 

Operative mortality: Eighteen patients died in the 
hospital or during the first 60 days postoperatively (total 
operative mortality rate 7 percent). Seven of these pa- 
tients had circulatory failure during cardiopulmonary 
bypass and could not be weaned from the pump. 
Notably, some of these patients had intractable circu- 
latory collapse before our perioperative use of in- 
traaortic balloon pump assistance. Three postoperative 
deaths occurred in patients with a severely abnormal 
ejection fraction and all of these died with cardiogenic 
shock. In one woman who had had a double vein graft 
(right coronary and left anterior descending arteries) 
occlusion of the right brachial artery developed, and she 
had a cardiac arrest while undergoing exploration of 
that artery in the postoperative period. She was found 
to have an acute myocardial infarction and one clotted 
vein graft at autopsy. Another patient had a cardiac 


TABLE V 


Postoperative Status of 267 Patients Undergoing Coronary 
Bypass Surgery 


Asymptomatic 174 (6596) 
Angina 
lass Il 52 (2096) 
Class Ill 3 (196) 
Class IV 3 (196) 
Myocardial infarction 
Perioperative 19 ; (7.196) 
Late 8 (3%) 
Death 
Early coronary 18 (6.7596) 
Late coronary 10 (3.7496) 
Noncoronary 4 (1.596) 


Reoperation at other 
institution and 
postoperative death 1 
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arrest in the operating room before operation, and an 
extensive myocardial infarction developed; this patient 
died 3 days postoperatively with heart failure. Three 
patients sustained hypoxic encephalopathy and car- 
diogenic shock after operation. One patient had an ex- 
tensive cerebrovascular accident in the perioperative 
period and experienced hemiparesis and coma. One 
patient died postoperatively of an adult respiratory 
distress syndrome accompanied by renal failure. One 
patient died 18 days postoperatively of a disseminated 
intravascular coagulation syndrome with massive pul- 
monary embolism and a resultant adult respiratory 
distress syndrome. One patient died 2 months postop- 
eratively of renal failure, mediastinitis and generalized 
sepsis. Fourteen patients had transient episodes of 
hemiparesis that subsequently cleared. 


Results of Long-Term Follow Up 


Surgical group: Of the 267 patients, there were 249 
survivors of operation (18 surgical deaths) who were 
followed up from 2 to 62 months postoperatively (av- 
erage 28 months). Fifty-three patients were followed up 
for up to 12 months; 61 have been followed up for 24 
months, 53 for 36 months, 50 for 48 months and an ad- 
ditional 32 for up to 60 months. 

One hundred seventy-four of the 249 surviving pa- 
tients (70 percent) are now free of angina and 52 (21 
percent) have class II angina (Table V). Eight patients 
(3 percent) had a nonfatal myocardial infarction in the 
late postoperative period. Six of these patients died 15 
or more months after the operative procedure. One 
patient had a recurrence of angina and was operated on 
43 months after the initial operation at another hospital 
and died on the 2nd postoperative day. Four patients 
died of noncoronary causes. Table VI shows an analysis 
of the total group of 297 patients according to the 
number of diseased vessels. 

Medically treated group: Results in the 30 patients 
who did not undergo left coronary bypass surgery were 
not statistically analyzed because the group was small 
and had a shorter follow-up period (mean 17.98 months, 
range 0 to 46 months) than the surgical group. In this 
group, 12 patients had left main coronary narrowing 
greater than or equal to 70 percent. Three of these died 
at cardiac catheterization. Of the remaining nine pa- 
tients, two (22 percent) died from cardiovascular causes 
within the follow-up period and one died of a noncar- 
diac-related cause. Eighteen patients in this group had 
left main coronary arterial narrowing of 50 to 69 percent. 


TABLE VI 


Survival of Patients According to Number of Diseased 
Coronary Arteries 


Vessels 
Involved Patients (no.) 
(no.) Alive Dead Total 
0 3 2 ert 
1 26 1 27 
2 60 9 69 
3 171 25 196 
Total 260 37 297 


Three of these (17 percent) died of coronary causes re- 
lated to coronary artery disease during the follow-up 
period. 

Surgical mortality related to ventricular func- 
tion: When viewed from the standpoint of ventricular 
ejection fraction, the surgical mortality was as follows: 
In the 23 patients with a severely reduced ejection 
fraction there were four surgical deaths (17 percent 
mortality rate); in the 80 patients with a moderately 
reduced ejection fraction there were nine surgical deaths 
(11 percent mortality rate); and in the 164 patients with 
a normal or only mildly reduced ejection fraction, there 
were five surgical deaths (3 percent mortality rate). 

Survival related to internal mammary artery 
graft (Table VII): The patients who had a left internal 
mammary artery graft to the left anterior descending 
coronary artery, alone or in combination with a saphe- 
nous vein bypass graft to other vessels, were analyzed 
separately in an effort to determine whether their sur- 
vival time was significantly different from that of pa- 
tients who had only saphenous vein bypass grafts. There 
were 50 such patients. Four of these (8 percent) died 
within the follow-up period. Of the 217 patients who 
received only saphenous vein bypass grafts, 20 (13 
percent) died in the follow-up period. A chi square test 
applied to these data indicates that the observed dif- 
ferences were not statistically significant. 


Discussion 


Major narrowing of the left main coronary trunk as 
defined in this study represents an important element 
in the spectrum of coronary artery disease. The presence 
of significant narrowing of the left main trunk almost 
certainly assures diminution in the quality of life be- 
cause most patients with this lesion have considerable 
angina pectoris. Moreover, the presence of left main 
coronary arterial narrowing almost always implies sig- 
nificant disease in other branches of the coronary 
tree. 558.11-14 Because of the large amount of left ven- 
tricular myocardium subserved by the divisions of the 
left main artery, and because of the presence of multiple 
additional lesions, it might be speculated that myo- 
cardial infarction caused by occlusion of the left main 
trunk would be potentially catastrophic more often than 
other forms of myocardial infarction. Although there 
is no direct evidence to support this speculation, it is 
indirectly substantiated by the high yearly mortality 
rate in patients with this lesion treated medically. Zeft 
et al. reported a high incidence rate of severe left ven- 
tricular decompensation and left ventricular aneurysm 
formation in nonsurgically treated patients with oc- 
clusion of the left main trunk. Subsequent attempts at 
aneurysmectomy in their severely ill patients led to an 
83 percent perioperative mortality rate. The yearly rate 
of subsequent infarction in nonsurgically treated pa- 
tients with left main disease was 33 percent, a rate ex- 
ceeding that even in patients with triple vessel dis- 
ease. 

Risk from cardiac catheterization: Our data reveal 
that angiographic study of the coronary arterial tree in 
patients with significant disease of the left main coro- 
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TABLE VII 


Results in 267 Surgically Treated Patients According to 
Type of Procedure 


IMA SVG Only Totals 
Survived 46 188 234 
Any death 4 (8%) 29 (13%) 33 (12%) 
Total patients 50 217 267 


IMA = left internal mammary artery anastomosis alone or in com- 
bination with saphenous vein grafting; SVG = saphenous vein graft. 


nary artery is feasible within acceptable limits of risk. 
The mortality rate attributed to cardiac catheterization 
in our group was 1 percent (3 of 297 patients); all 3 pa- 
tients had 70 percent or greater narrowing located quite 
proximally in the left main coronary trunk. These lim- 
ited data may indicate that proximal lesions have the 
greatest risk, perhaps because the arteriographic 
catheter virtually occludes the entire blood supply to 
the branches of the left coronary artery when narrowing 
is very proximal. This speculation is supported by the 
work of Bassan et al.,!5 who found that intubation of the 
left coronary artery ostium with normal angiographic 
catheters causes a decisive reduction in coronary sinus 
blood flow (a reflection of left coronary arterial blood 
flow) and coronary catheter tip pressure only in those 
patients with significant main left coronary lesions. 
Furthermore, catheter-induced spasm or secondary 
local edema from catheter manipulation could poten- 
tially further compromise left coronary arterial blood 
flow. In fact, the 1 percent mortality risk from cathe- 
terization is 10 times greater than the risk in our labo- 
ratories for other patients with coronary disease. 
However, of the three deaths, one occurred in a patient 
who was virtually in status anginosus; it is therefore 
difficult to be certain that the procedure itself was the 
cause of his death. A second patient died of myocardial 
infarction 24 hours after his procedure and, again, the 
possibility that his death was not related to angiography 
must be considered. Our patients were studied with 
both major coronary arteriographic techniques and 
neither procedure carried more risk than the other. This 
finding agrees with the experience of others*? who noted 
no increase in morbidity or mortality with the Judkins 
technique. 

Effect on angina: The total or marked relief of an- 
gina experienced postoperatively by most of our pa- 
tients is consistent with the previous observations on 
all types of coronary bypass surgery and, specifically, 
with those of reports considering bypass surgery in 
patients with left main coronary disease. 

Late survival: Although no large study of patients 
treated medically for left main coronary artery disease 
has appeared thus far, previous authors have indicated 
an annual mortality rate of 15 to 35 percent in these 
patients.23:5.110113 Our surgically treated patients had an 
8 percent mortality rate in the 1st year postoperatively 
and rates of 1, 2.5 and 0.5 percent mortality at 2, 3, and 
4 3/4 years, respectively. Figure 1 is a set of actuarial 
curves based on our data and projected to 5 years. Thus, 
it appears that survival is substantially improved in 
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FIGURE 1. Survival of surgically treated patients having more than 70 
percent as compared with less than 69 percent left main (LMN) coronary 
arterial narrowing. 


surgically treated patients with left main coronary ar- 
tery disease when they are compared with patients 
whose lesion is treated medically. This finding has been 
reported by previous authors.?^ The majority of our 
surgical deaths occurred within the 1st year and, of 
course, many of these are related to immediate post- 
operative and perioperative complications. This finding 
suggests an even greater benefit from the effects of re- 
vascularization once the immediate hazards of surgery 
are past. 

The data in Figure 2 indicate an increased risk, par- 
ticularly at the time of operation, for patients with a 
compromised left ventricle. Nevertheless, even in these 
very debilitated patients, prospects for longer survival 
are good when surgery is the mode of treatment. 

Survival related to degree of left main coronary 
stenosis: Our data suggest that, although surgically 
treated patients generally have an increased survival, 
there is a measurable difference in the survival time of 
surgically treated patients with less than 69 percent 
stenosis and those with more than 70 percent stenosis 
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FIGURE 2. Analysis of survival of surgically treated patients with left 
main coronary arterial narrowing and reduced left ventricular function 
(ejection fraction [EF]). 


of the left main coronary artery. Figure 1 shows that 97 
percent of the former group were alive 36 months after 
operation compared with only 86 percent of the latter. 
At 48 months these figures were 88 and 82 percent, re- 
spectively. This difference in mortality was almost en- 
tirely due to a higher operative death rate in the patients 
with more severe left main stenosis. The gap in survival 
between the two groups thus established at the time of 
operation remained essentially unchanged through the 
subsequent 4 to 5 year follow-up period. 

Implications: On the basis of the data presented and 
their correlation with results of previous studies of pa- 
tients with left main coronary artery disease, we believe 
that these patients should be studied and operated on 
without undue delay. It appears that the angiographic 
evaluation of such patients is within acceptable risk 
limits and that coronary bypass grafting is the treat- 
ment of choice in this group. The data also support 
previous findings indicating not only an improvement 
in the quality of life, but also a significant increase in the 
longevity of such patients. 
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The bioavailability of single doses of digoxin capsules (0.4 mg), digoxin 
solution (0.4 mg) and reference tablets (0.5 mg) was compared with that 
of single intravenous doses (0.4 mg) of digoxin using measurement of 24 
hour urinary excretion and area under the plasma concentration curve. 
The absolute systemic availability of all three oral preparations was sig- 
nificantly less than 100 percent. The bioavailability of capsules and so- 
lution was nearly identical (79 percent and 76 percent, respectively, as 
assessed with values for area under the concentration curve and 65 
percent and 62 percent as assessed with urinary excretion values); both 
forms had greater systemic availability than the tablet, which had bio- 
availability values of 50 percent using area under the curve and 41 percent 
using urinary excretion. Capsules and solution also were similar in peak 
plasma digoxin levels achieved (3.7 and 3.1 ng/ml), time of peak con- 
centration (0.8 and 0.6 hour after dosage) and apparent first order ab- 
sorption half-life (11.3 and 10.2 minutes); both capsules and solution 
differed significantly from tablets (peak level 1.6 ng/ml, time of peak 
concentration 1.2 hours and absorption half-life 27.1 minutes). Single dose 
findings were substantiated when steady state plasma levels and 24 hour 
urinary excretion values were measured from days 11 through 16 of the 
period of once daily ingestion. Mean plasma levels (0.70 ng/ml) and uri- 
nary excretion values (45.1 percent of dose) for capsules were nearly 
identical to those for solution (0.69 ng/ml and 42.5 percent of the dose), 
and values for both capsules and solution were significantly greater than 
those for tablets. Within- and between-subject variation in bioavailability 
was similar for the three oral preparations. Thus the single dose bio- 
availability study was predictive of the steady state findings. The bio- 
availability of digoxin capsules is equivalent to that of a solution and 
significantly greater than that of a reference tablet formulation. 


Achievement of stable and predictable plasma digoxin concentrations , 
during long-term digoxin therapy remains difficult because all currently 
available oral digoxin preparations are incompletely and variably ab- 
sorbed from the gastrointestinal tract.! An optimal fixed dose oral di- 
goxin preparation would have a predictable high level of bioavailability 
with minimal variation in the extent of absorption within and between 
subjects. Gelatin capsules containing digoxin in solution reportedly have 
improved bioavailability and may be a potential replacement for digoxin 
tablets.2-8 However, the extent of improved bioavailability of capsules 
and the issue of whether steady state plasma digoxin levels are less 
variable than with existing standard preparations have not been settled 
by previous studies. We investigated the extent and variability of digoxin 
absorption from the capsule preparation after single and multiple doses 
in comparison with those of standard reference tablets and solution. 
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Methods 


Subjects: Twelve healthy male volunteers (‘Table I) served 
as experimental subjects after giving informed consent. None 
had any demonstrable medical disease. 

Procedure: Each subject received the following four di- 
goxin preparations in random sequence: 


Solution: 0.4 mg reference standard digoxin dissolved in 
2 ml of U.S.P. ethanol and 198 ml of water. The container was 
rinsed with 40 ml of water, which was also ingested. 


Tablets: Two 0.25 mg tablets of reference standard digoxin 
(Lanoxin®, Burroughs Wellcome Co., lot no. 022-I, with an in 
vitro dissolution rate of 75 percent in 1 hour). 


TABLE | 


Pharmacokinetic Variables After Intravenous Administration of Digoxin 


Clearance 


t172 Vy Va 
(yr) (kg) (hr) (hr) hr) (liters/kg) (liters/kg) (ml/kg per min) 
33 80. 0 * ^*^ c * * + 


Case Age Weight t1/2a t2 
no. 

1 

2 29 80.9 0.05 0.42 

3 29 81.8 0.19 1.02 

4 34 84.5 0.44 

5 25 79.5 0.32 

6 26 82.7 0.15 0.85 

7 29 65.9 0.39 

8 27 72.7 0.41 

9 24 68.2 0.43 
10 23 68.2 0.24 
11 27 77.3 0.06 0.66 
12 29 81.8 0.06 0.62 
Mean 27.9 77.0 0.24 0.71 
SE +1.0 +1.9 +0.04 +0.10 
Composite 77.0 0.14 0.61 


* Indicates that least-squares analysis could not be 
error; t1/2æ = distribution half-life; to 


SE=s 


V4 = volume of central compartment. 
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SOLUTION (0.4 mg) 
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24.0 


.--79 9 






63.01 0.128 10.95 2.01 
37.88 0.252 8.43 2.59 
10.03 0.306 4.06 4.68 
10.19 0.501 6.77 7.76 
46.21 0.309 14.50 3.63 
11.07 0.577 7.83 8.17 
27.70 0.621 8.79 3.66 
16.34 0.534 6.87 4.85 
9.70 0.315 3.15 3.74 
27.73 0.179 8.75 3.65 
46.21 0.168 12.43 3.11 
27.82 0.35 8.41 4.35 
+5.54 +0.053 +1.01 +0.59 
19.3 0.28 6.72 4.47 


performed because of outlying data points. 
= intermediate half-life; t, /23 = elimination half-life; Vd = total apparent volume of distribution; 


CAPSULE (0.4 mg) 





TABLETS (0.5 mg) 





FIGURE 1. Plasma digoxin con- 
centrations after administration of 
a Single dose of intravenous digoxin 
and of the three oral digoxin prep- 
arations. Each point is the mean for 
all 12 subjects at the time shown 
(standard errors, omitted for Clarity, 
will be provided by the author on é 
request). Also shown are the phar- 
macokinetic functions determined 
from least-squares regression 
analysis (see text). 
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Pharmacokinetics of Digoxin Absorption From the Three Oral Preparations 


Capsule (0.4 mg) 


Peak 
Time 
Peak (hr Lag Peak 
Case Level after Time ti2a Level 
ose) (min) (min) (ng/ml) 
1 3.5 1.0 " : 3.3 
2 3.5 1.0 " " 2.5 
3 3.2 0.75 , " 2.5 
4 4.1 0.75 28.2 3.1 2.8 
5 2.3 0.75 14.4 24.9 1.3 
6 3.1 0.75 15.0 19.0 3.0 
7 2.8 0.5 15.0 3.5 2.9 
8 5.7 0.75 " e 4.1 
9 4.0 1.0 15.0 19.9 Ad 
10 2.9 0.75 29.6 0.9 3.2 
11 4.2 0.75 12.6 7.6 5.0 
12 4.8 0.75 15.0 12.4 3.9 
Mean 3.7 0.8 18.1 11.3 3.1 
+SE +0.3 +0.04 +2.4 +3.1 +0.3 
Composite 3.4 0.75 15.0 19.8 2.9 
d 


Solution (0.4 mg) 


— 


Tablet (0.5 mg) 


Peak Peak 

Time Time 
(hr Lag Peak (hr Lag 

after Time t/2a Level after Time t4/2a 

dose) (min) (min) (ng/ml) dose) (min) (min) 
0.75 11.8 11.0 21 0.75 14.4 4.2 
0.5 11.5 Ta 0.6 1.5 15.0 74.3 
0.5 10.7 11.2 0.9 2.0 , z 
0.5 d a 1.2 1.0 13.8 31.3 
1.0 14.2 34.3 1.0 1.5 17.4 36.8 
0.75 10.8 9.8 1.8 0.75 14.4 17.6 
0.5 13.7 1.0 LI 1.0 11.4 7.0 
0.75 12.6 6.5 2.9 1.5 12.0 35.6 
0.5 8.6 8.1 1.3 2.0 . " 
0.75 14.4 13.1 2.0 1.0 13.8 31.5 
0.5 9.8 6.1 1.6 0.5 15.0 0.7 
0.5 12.5 4.2 1.5 1.0 11.4 32.0 
0.6 11.9 10.2 1.6 1.2 13.9 27.1 
0.04 +0.6 +2.6 +0.2 +0.1 +0.6 +6.8 
0.5 11.4 7.4 1.2 1.0 12.4 22.0 


* Indicates that least-squares analysis could not be performe 


Capsules: Two 0.2 mg capsules of digoxin prepared in a 
liquid-filled soft gelatin capsule (Arnar-Stone Laboratories, 
lot. no. 746P). 

Intravenous preparation: 0.4 mg of digoxin injection (La- 
noxin®, lot no. 994-S) diluted with 48.4 ml of sterile 5 percent 
dextrose in water and infused into an antecubital vein by a 
constant rate infusion pump over 1 hour. 

Tablet and capsule preparations were ingested with 240 ml 
of water. Subjects fasted overnight before each oral dosage 
trial and abstained from further food or liquid for 4 hours after 
drug administration. Venous blood samples were drawn 
through an indwelling catheter, or by venipuncture, before 
dosage and 0.25, 0.5, 0.75, 1.0, 1.5, 2.0, 2.5, 3, 4, 6, 8, 12 and 24 
hours after digoxin ingestion or the start of infusion. Addi- 
tional samples were drawn at 65 and 75 minutes after the start 
of intravenous infusion. À 24 hour urine collection was begun 
at the time of digoxin administration. 

After the initial 24 hours of study, each oral preparation 
was taken daily at 9 AM for 14 additional days. “Steady state" 
blood samples were collected just before the daily dose on days 
11 through 16. Urine was collected in 24 hour periods after 
doses 11, 12, 13, 14 and 15. After the final dose of each oral 
preparation, 24 hours of blood sampling was performed as in 
the case of the initial dose. Subjects remained ambulatory 
during testing, and at least 14 days elapsed between each trial 
to permit complete excretion of digoxin from the preceding 
period. 

Analysis of plasma and urine: Plasma and urine samples 
were stored at —20? C until the time of assay. Digoxin con- 
centrations in plasma and urine were determined with ra- 
dioimmunoassay as previously described.9.19 

Analysis of data: Plasma digoxin concentrations after in- 
travenous infusion were analyzed with the computer using 
iterative nonlinear least-squares regression techniques, :!? 
as described in detail elsewhere.!? Data points for individual 
subjects, as well as for composite points calculated as the 
across-subject mean plasma concentrations at corresponding 
points in time, were fitted to bi- or triexponential functions 
consistent with two- or three-compartment pharmacokinetic 
models. The functions of best fit were then used to calculate 
the following pharmacokinetic variables!?-16: distribution 
half-life (t1/2a), intermediate pi half-life (t;/5,) when appro- 
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because of outlying data points. 


priate, elimination half-life (t1/35), volume of the central 
compartment (Vj), total apparent volume of distribution 
using the area method (Va) and total clearance. 

After oral administration of digoxin, individual and com- 
posite data points were similarly analyzed and fitted to the 
sum of the smallest number of exponential terms necessary 
to describe the data adequately. Fitted functions were used 
to calculate the lag time (to) elapsing before the start of first 
order absorption, and the apparent first order absorption 
half-life (t1/2a). In all cases iterative analysis proceeded until 
the convergence criteria were met or 50 iterative steps were 
completed. 

Plasma digoxin concentrations for the 24 hours after the 
first and last dose of each preparation were used to calculate 
the area under the 24 hour plasma concentration curve using 
the trapezoidal method. Single dose bioavailability was as- 
sessed by comparing the area under the plasma concentration 
curve and the 24 hour urinary excretion values after each 
preparation, using repeated-measures analyses of variance 
and the Newman-Keuls test of paired comparisons. Relative 
bioavailability of the three oral preparations during long-term 
therapy was similarly assessed from steady state plasma 
concentrations and urinary excretion values. Appropriate 
adjustments were made for differences in oral doses of tablets, 
capsules and solution. 

Between- and within-subject variations in the various 
measures of bioavailability were expressed as coefficients of 
variation. The between-subject coefficient of variation for a 
given mode of treatment was determined as the standard 
deviation for that treatment divided by the treatment mean, 3 
expressed in percent. When multiple measurements were 
made for the same subjects within a given treatment, an 
overall within-subject coefficient of variation for that treat- 
ment was calculated by weighted pooling of each individual 
subject’s coefficient of variation.!? 


Results 


Single dose pharmacokinetics: Figure 1 shows 
single dose composite data points for all four modes of 
digoxin administration, together with functions of best 
fit. 
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Disappearance of digoxin from plasma after intravenous 
infusion was best fitted by two exponential phases in six 
subjects and by three exponential phases in five subjects 
(Table I). In the remaining subject (Case 1), a satisfactory fit 
could not be achieved because of outlying data points. The 
mean apparent elimination half-life was 27.8 hours, the total 
volume of distribution 8.4 liters/kg and the total clearance 4.35 
ml/min per kg. These values are consistent with data in other 
reports of intravenous digoxin pharmacokinetics in normal 
subjects.19? 

Peak serum digoxin concentrations (in ng/ml) averaged 
3.7 after capsule administration, 3.1 after solution, and 1.6 
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FIGURE 2. Area under the 24 hour plasma concentration curve (above) 
and 24 hour urinary excretion rate of digoxin (below) after a single dose 
of intravenous digoxin and of the three oral digoxin preparations. Indi- 
vidual values and means (+ standard error) for all subjects are shown. 
Values for area under the 24 hour plasma concentration curve after 
administration of tablets (above) were corrected for the difference in 
dose. 
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after tablets (Table II). Analyses of variance indicated that 
the overall difference among preparations was significant (F 
= 46.5, d.f. = 2,22, P <0.001). The difference between capsule 
and solution also was significant (P «0.05). The peak level was 
attained an average of 0.8 hour after dosing with capsules, 0.6 
hour with the solution, and 1.2 hours with tablets. Again the 
overall difference was significant (F = 11.9, d.f. = 2,22, P 
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FIGURE 3. Single dose plasme concentration Curves for intravenous 
digoxin in comparison with curves for each of the three oral prepara- x 
tions. Each point is the mean (+ standard error) for all 12 subjects at 
the time shown. 
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<0.01). The tablet-capsule and tablet-solution differences sc.] sion half-life also were significant (F = 4.24, d.f. = 2,26, 

were significant (P <0.01), whereas solution and capsules were P <U.05); values of tı/2a for capsules and solution were similar 

not significantly different. (11.3 and 10.2 minutes, respectively), and values for both were 

Pharmacokinetic functions were determined in 8 subjects smaller than that for tablets (27.1 minutes). 

after ingestion of capsules, 11 subjects after solution and 10 The findings strongly suggest that the rate of digoxin ab- 

subjects after tablets. One-way analysis of variance indicated sorption from capsules and solution is very similar. However, 
p an overall difference in apparent lag time before the start of digoxin is more slowly absorbed from tablets; peak levels are 

absorption (F = 5.95, d.f. = 2,26, P <0.01) although differences reached later after dosing, and absorption half-life values are 

between the preparations were small and not likely to be of longer. For all three preparations there was a lag time between 

substantial clinical importance (Table II). Differences in ab- administration and the start of absorption. 


Single dose bioavailability: Analysis of variance indicated 
a significant difference among preparations in dose-adjusted 
values of the 24-hour area under the concentration curve (F 
= 10.25, d.f. = 3,33, P <0.01). Systemic availability of all three 
oral preparations, as judged by comparison of the area under 


1.4 the concentration curve and the intravenous value, was sig- 
n nificantly less than 100 percent. Mean 24 hour area under the 
concentration curve for capsules was 79.2 percent of the in- 
a travenous value (P <0.05, Newman-Keuls test); the solution 
= x averaged 76.2 percent of the intravenous value (P <0.05), and 
t x dose-corrected tablets averaged only 49.5 percent of the in- 
£ M x travenous value (P «0.05) (Fig. 2). Figure 3 shows the com- 
z oc a^ posite intravenous curve compared with that of each of the 
Ne ? à oral preparations. 
EOM. oen Ba Lo A a ele Twenty-four-hour urinary excretion of digoxin after single 
= ae See Ta doses yielded similar findings. The overall difference between 
o os G ee LX th op erika A the four treatments in 24 hour urinary excretion was highly 
S 90 IN significant (F — 36.06, d.f. 2 3,33, P «0.001). An average of 130 
» o Xx 5^ mg of digoxin (32.5 percent of the dose) was excreted during 
= o4 CAPSULE + 24 hours after intravenous dosage. Excretion after adminis- 
< (0.4 mg) SOLUTION E tration of capsules averaged 62.5 percent of the intravenous 
a. (0.4 mg) TABLETS value (P «0.01); for solution, excretion was 61.8 percent of the 
0.2 (0.5 mg) intravenous value (P «0.01). Digoxin excretion after ingestion 


of tablets, when corrected for dose, averaged only 40.9 percent 
of the intravenous value (P «0.01) (Fig. 2). 





0.0 SSS CU 
The findings indicate that the systemic availability 
of all oral digoxin preparations was significantly less 
60.0 than 100 percent. The bioavailability of capsules was 
M E x approximately equivalent to that of the solution, 
O o whereas that of the tablet preparation used in this study 
u 50.0 " 
ECTS 0 X. ipt 
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O SG, A Ae c RS 
a: 40.0 4 
& 4 gan ET TABLE Il 
ó CAPSULE i —m Comparison of wow and Between-Subject Variability in 
m 30.0 SOLUTION i, Bioavailability 
x Bioavailability Mode of Administration 
T Measure Intravenous Capsule Solution Tablets. 
ian Single dose AUC 28.4 259 269 45.1 
= H (between subjects) 
2 Single dose UE 16.0 18.6 33.6 22.7 
B. TABLETS (between subjects) 
gr Steady state AUC re 28.9 24.8 30.2 
T (between subjects) 
< Steady state plasma level TP 18.7 22.5 20.5 
UK ix | MU AALE Se et ee RUE (pooled within subjects) 
` Steady state plasma level es 22.6 31.6 26.3 
(between subjects) 
FIGURE 4. Steady state plasma concentrations (above) and 24 hour Steady state UE dos 21.6 23.3 19.9 
urinary excretion rates (below) for the three oral preparations during (pooled within subjects) 
multiple dose therapy. Each data point is the mean of four to six daily Steady state UE II 14.6 17.1 24.5 
measurements for a given subject. The figure shows the across-subject (between subjects) 
„ mean (+ standard error) of these individual mean values. The urinary * Expressed as coefficient of variation (in percent). 
excretion data are expressed as percent of dose, thereby taking into AUC = area under the plasma concentration curve; UE = urinary 
account differences in dosages among the preparations. excretion. 
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was substantially less than that of either the solution 
or capsules. 


Steady-state bioavailability: Mean steady state serum 
digoxin concentrations (in ng/ml) based upon four to six 
measurements in each subject in each treatment condition 
were: 0.70 for capsules, 0.69 for solution and 0.69 for tablets 
` (Fig. 4). After correction for dose, the overall difference among 
treatments was significant (F — 10.04, d.f. = 2,22, P <0.01). 
The tablet-solution and tablet-capsule differences were highly 
significant (P «0.01 for both comparisons), whereas values 
for capsules and solution were essentially identical. Likewise, 
24 hour urinary excretion in the steady state varied signifi- 
cantly among treatments (F = 8.40, d.f. = 2,22, P «0.01). 
Mean values (for percent of the dose) were: 45.1 for capsules, 
42.5 for solution and 35.0 for tablets (Fig. 4). Again the cap- 
sule-tablet and solution-tablet comparisons yielded highly 
significant differences (P «0.01), whereas the capsule-solution 
comparison showed no significant difference. 
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Figure 5 shows the composite serum concentration curves 
for all three oral preparations during the steady state dosage 
interval. 'T'he area under the 24 hour concentration curve at 
steady state, after correction for dose, differed significantly 
among preparations (F = 24.75, d.f. = 2,22, P <0.01). The area 
under the concentration curve values for capsules and solution 
was not significantly different, whereas the area for tablets 
was significantly less than that for capsules and solution (P 
<0.01) (Fig. 5). 


Thus the single dose findings were supported by the 
multiple dose study, demonstrating that capsules and 
solution had essentially identical bioavailability, which 
was superior to that of the standard tablet preparation 
under study. 


Between- and within-subject coefficients of 
variation: Table III summarizes the coefficients of* 
variation for all modes of treatment. For the two single 


dose measures of bioavailability, intravenous digoxin 
and oral capsules had approximately equal coefficients 
of variation, which were less than or equal to those of the 
solution and tablet preparations. For steady state 
plasma levels and urinary excretion of digoxin, within- 
and between-subject coefficients of variation for cap- 
sules also were less than or equivalent to those of solu- 
tion and tablets. For all three treatments, between- 
subject coefficient of variation values for steady state 
plasma levels were higher than within-subject values. 
This was also the case for steady state urinary excretion 
during treatment with tablets. However, within-subject 
coefficients of variation for urinary excretion during the 
capsule and solution treatments exceeded between- 
subject values. 


Discussion 


All currently available formulations of digoxin used 
for oral administration (tablets, elixir) are variably and 
incompletely absorbed from the gastrointestinal tract.’ 
One approach to formulation of oral digoxin prepara- 
tions with improved bioavailability has been the de- 
velopment of gelatin capsules containing a digoxin so- 
lution. Studies of these capsules suggest that the bio- 
availability of this digoxin preparation is greater and 
more consistent than that of tablets and possibly of oral 
digoxin solution.?- 

As is customary in current studies of digoxin bio- 
availability,269:19 we utilized a slow intravenous infu- 
sion as the reference standard for 100 percent systemic 
availability. Because values for area under the concen- 
tration curve and urinary excretion of digoxin after a 
given intravenous dose are influenced by the rate of 
infusion,229 our estimates of absolute systemic avail- 
ability of oral digoxin preparations apply specifically 
to the 1 hour intravenous infusion standard. On the 
basis of this reference system, our findings from the 
single dose study indicate that the systemic availability 
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ofthec. ʻe preparation is significantly less than 100 
percent. ‘thermore, the rate and completeness of 
digoxin a.^orption from capsules were essentially 
identical to chose of a standard digoxin solution. This 
was evident from comparison of values for areas under 
the plasma concentration curve or 24 hour urinary ex- 
cretion of digoxin after single doses, as well as from 
steady state plasma digoxin levels and urinary excretion 
values on several consecutive days during long-term 
therapy. Other reports”®° have suggested that ab- 
sorption of the capsule preparation approaches 100 
percent completeness and is greater than that of even 
an oral solution. In any case, it is clear that the bio- 
availability of digoxin capsules exceeds that of a stan- 
dard reference tablet.2-9 Finally, one study?! suggested 
that between-subject variability in steady state serum 
digoxin levels was less during treatment with capsules 
than with tablets. However, our findings and those of 
most other investigators??5-9 do not demonstrate a 
striking or consistent difference among oral prepara- 
tions in within- or between-subject coefficients of 
variation of systemic availability after either single or 
multiple doses. 

Peak plasma digoxin levels after ingestion of the 
various oral preparations tended to be highest with the 
capsules. Anecdotal reports? and other suggestions? 
have associated high peak digoxin levels with the oc- 
currence of transient cardiac arrhythmias, but sys- 
tematic experimental study has revealed no such asso- 
ciations.24 The clinical implications of the high peak 
digoxin concentrations after ingestion of capsules re- 
quire further study. 
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CASE REPORTS 


Three Cases of Hypotension and Syncope With Ventricular Pacing: 
Possible Role of Atrial Reflexes 


CARLO ALICANDRI, MD* Hypotension with lightheadedness and near syncope occurred in three 
FETNAT M. FOUAD, MD patients during effective ventricular pacing. Hemodynamic studies 
ROBERT C. TARAZI, MD, FACC demonstrated a decrease in cardiac output ranging from almost no de- 


LON CASTLE, MD crease to 15 percent, presumably related to the loss of effective atrial 

VICTOR MORANT, MD contraction. The decrease in output was too small to explain by itself the 

Cleveland, Ohio reduced blood pressure, which resulted from paradoxic reduction of total 
peripheral resistance: one patient and from failure of resistance to in- 
crease in two. Baroc or reflexes (Valsalva response) were normal in 
all three patients; he ce it is suggested that the failure of compensatory 
increases in total ^ ripheral resistance may be due to a reflex from the 
sudden atrial disteasion that occurs during atrioventricular (A-V) disso- 
ciation. The fluctuations in arterial pressure during ventricular pacing were 
synchronous with the appearance of cannon waves in the right atrial 
pressure tracing. 

Arterial pressure during A-V dissociation thus appears to be balanced 
by two opposite reflexes: the baroceptor reflex, which attempts to com- 
pensate for reduction in output, and atrial distension, which reduces pe- 
ripheral resistance. 


Apart from its passive transport function, the atrium can play a positive 
role in improving cardiac performance; this has repeatedly been dem- 
onstrated in physiologic studies both in animals? and in man.?4 The 
clinical translation of these observations has usually been restricted to 
problems of cardiac decompensation and response to therapy.? However, 
we have encountered another clinical expression of the loss of effective 
atrial contraction: Significant postural hypotension, ending sometimes 
in syncope, occurred in some patients when ventricular pacing induced 
atrioventricular (A-V) dissociation. This decrease in blood pressure led 
to problems in diagnosis and therapy, and subsequent physiologic in- 
vestigations suggested that the cause is more complex than a simple 
reduction in cardiac output. 


Material and Methods 


From the Research Division and the Department 'Three patients were studied; two (Patients 1 and 2) had syncopal attacks after 


of Cardiology, The Cleveland Clinic Foundation insertion of a demand ventricular pacemaker for bradyarrhythmia syndrome. 
and The Cleveland Clinic Educational Foundation, The third patient, who also had bradyarrhythmia, was investigated before the 
Cleveland, Ohio. This study was supported in part insertion of a pacemaker to determine the exact type needed. Hemodynamic 
by a grant from the John A. Hartford Foundation. studies were performed in a quiet laboratory in the morning after an overnight 
Manuscript received December 16, 1977; revised rest, with the patient fasting and lying comfortably supine. No premedication 
manuscript received February 13, 1978, accepted was used. In all patients, plasma volume was determined first with RISA! using 


February 15, 1978. 
* Present address: Carlo Alicandri, MD, Univ- 
ersita di Perugia, Policlinico, 06100 Perugia, 


a 10 minute equilibration period, and total blood volume was calculated from 


the plasma volume and simultaneous hematocrit using appropriate correction 


Italy. factors as previously described. Then cardiac output was determined with the 
Address for reprints: Robert C. Tarazi, MD, dye-dilution technique (indocyanine green dye)? in one patient and the ther- 
Research Division, Cleveland Clinic, 9500 Euclid modilution technique? in the other two. Catheters were introduced percuta- 
Avenue, Cleveland, Ohio 44106. neously into an antecubital vein and brachial artery and carefully positioned 
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under fluoroscopy. The venous catheter was advanced into 
the right atrium for the dye-dilution determination and into 
the pulmonary artery for the thermodilution measurements. 
The arterial catheter was advanced to the root of the as- 
cending aorta in all patients. Intraarterial pressure, right atrial 
pressure and electrocardiographic lead II were recorded 
continuously on photographic paper. Derived values, such as 
total peripheral resistance, were calculated using classic for- 
mulas. In the first two patients heart rate and rhythm were 
controlled by manipulation of the ventricular pacemaker; in 
the third patient a temporary pacemaker inserted through the 
femoral vein at the time of the study was used to pace either 
the right atrium or the right ventricle. 

The Valsalva maneuver was used as a test of baroceptor 
responses; the patients were instructed to blow against a re- 
sistance of 40 mm Hg for 20 seconds. The effectiveness of the 
maneuver was checked by recording the right atrial pressure, 
and the sensitivity of the reflex responses was determined by 
the ratio of diastolic overshoot to the reduction in pulse 
pressure.? 
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FIGURE 1. Patient 1. Variations in arterial blood pressure 
coincident with phasic activity of the pacemaker (re- 
corded in lead II [LII]). The activation of the ventricular 
pacemaker (VP) was associated with cannon waves in 
the right atrial pressure (RAP) tracing and coincided with 
phases of low arterial pressure (AP). Inactivation of the 
pacemaker (1) by external inhibition and return of normal 
sinus rhythm (NSR) was associated with the disappear- 
ance of cannon waves; the fluctuation in arterial blood 
pressure ceased, and blood pressure settled at the higher 
level of the previous fluctuations. 


The results obtained were compared with hemodynamic 
findings in four other patients who had a ventricular pace- 
maker but did not have hypotension with pacing. All four were 
studied with the thermodilution technique using the proce- 
dure described. None of the seven patients was receiving an- 
tihypertensive medication or other form of therapy, except 
for one control patient who was receiving Dilantin®. Standard 
statistical methods were used to calculate t tests and proba- 
bility (P) values of differences.19 


Results 


Patient 1 


This was a 52 year old man who presented with lighthead- 
edness and syncopal attacks that persisted after insertion of 
a ventricular demand pacemaker for hypersensitive carotid 
sinus. A 24 hour dynamic electrocardiogram (Holter monitor) 
showed that these attacks did not occur because of transient 
ventricular arrest or fibrillation or because of episodes of ex- 
cessive tachycardia or bradycardia. Heart rate was maintained 





FIGURE 2. Patient 1. Arterial blood pressure fluctu- 
ations disappeared when the pacemaker activity was 
y overcome by sinus tachycardia induced by static 
o  &xercise. Abbreviations as in Figure 1. 


TABLE | 
Changes in Cardiac Output and Total Peripheral Resistance 
With Ventricular Pacing 


HR Cardiac TPR 
(beats/ BP Output (dynes 
Patient Rhythm min) — (mm Hg)  (liters/min) sec-om 5) 

1 NSR 62 130/75 4.96 1505 
VP 72 107/60 4.22 1548 

2 NSR 80 104/68 6.28 1019 
VP 78 100/65 6.20 989 

3 NSR 74 158/90 6.27 1438 
AP 80 168/96 7.03 1365 

VP 85 118/80 6.00 1235 


Sore OMNE. a he re 

AP = atrial pacing; BP = blood pressure; HR = heart rate; NSR 
= normal sinus rhythm; TPR = total peripheral resistance, VPS= 
ventricular pacing. 


within physiologic limits, but heart rhythm alternated be- 
tween responses to normal sinus impulses and to right ven- 
tricular pacing. Coincident with these alterations from one 
rhythm to the other, arterial pressure varied widely from 96/64 
to 142/82 mm Hg (Fig. 1). These variations were not related 
to respiration and persisted when the patient held his breath 
in either inspiration or expiration; they were clearly associated 
with the phasic activity of the pacemaker. 

Arterial and atrial pressure: Activation of the pacemaker 
(large lead II complexes) (Fig. 1) was associated with cannon 
waves in the atrial pressure tracing; these waves coincided with 
phases of low arterial pressure. When the first beat showed 
a cannon atrial wave, the blood pressure suddenly decreased 
and then remained at a low level until normal sinus rhythm 
was reestablished. The arterial pressure fluctuations disap- 
peared when the pacemaker activity was overcome by sinus 
tachycardia induced either by 1.5 mg atropine administered 
intravenously or by static exercise (maximal hand grip) (Fig. 
2). In addition, when the pacemaker was turned off by external 
inhibition and cardiac action followed its normal sinus 
rhythm, all fluctuations in arterial blood pressure disappeared, 
and the blood pressure settled at the higher level of the pre- 
vious fluctuations (Fig. 1). The patients received no medica- 
tion during any of these observations; administration of Val- 
ium had been discontinued on hospitalization. 

Hemodynamics: Blood volume was moderately contracted 
(26.5 ml/cm or 86 percent of normal for our laboratory$) 
mainly because of the reduction of plasma volume (14.7 ml/cm 
or 79 percent of normal.). Hemodynamic studies during nor- 
mal sinus rhythm demonstrated a low cardiac output and 
' slightly increased total peripheral resistance (normal for our 
laboratory is 1,360 + 178 [mean + standard deviation] 
dynes-sec-cm 5). The hypotension associated with ventricular 
pacing occurred despite a higher heart rate and was due to a 
14.9 percent reduction in cardiac output with no compensa- 
tory increase in total peripheral resistance (Table I). 


Patient 2 


This 49 year old man had a demand ventricular pacemaker 
inserted because of bradyarrhythmia. Despite demonstrably 
effective pacing, he continued to have marked lightheadedness 
and near fainting, mainly in the upright position. These epi- 
sodes were not related to transient cardiac arrhythmias, as 
indicated by a 24 hour dynamic electrocardiogram that 
showed effective control of heart rate by the ventricular 
pacemaker. The patient received no medication during this 
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FIGURE 3. Patient 2. Tracings obtained during supine hemodynamic 
study. Explanation and abbreviations as in Figure 1. 


period and was studied while he was still untreated. Blood 
volume was within normal limits (29.9 ml/cm or 97 percent 
of normal for our laboratory). Hemodynamic studies were 
performed while the patient was in the supine and upright 
positions, during both ventricular pacing and the normal 
rhythm that developed after external inactivation of the 
pacemaker. 

Hemodynamics during pacing: Ventricular pacing was 
associated with the expected A-V dissociation and cannon 
waves in the right atrial pressure tracing (Fig. 3). In the supine 
position, the shift from normal sinus rhythm to ventricular 
pacing was associated with only minimal hemodynamic al- 
terations (Table I). However, during repeat studies in the 
upright position, marked alterations were observed that cor- 
related well with the patient’s orthostatic symptoms. During 
standing, while normal sinus rhythm was maintained, cardiac 
output decreased as expected, but total peripheral resistance 
increased and arterial pressure was maintained (104/68 versus 
103/79 mm Hg). This normal hemodynamic response to 
standing? differed from the response observed when the 
ventricular pacemaker was activated in the same upright 
position. Cardiac output was then further reduced from 4.81 
to 3.34 liters/min (Table II), but this reduction did not evoke 
an increase in peripheral resistance; as a result, arterial- 
pressure decreased from 103/79 to 80/58 mm Hg and the pa- 
tient complained of lightheadedness. 


Patient 3 


This 47 year old man had recurrent episodes of dizziness 
and, occasionally, syncope that were ascribed clinically to 
paroxysmal bradyarrhythmia. A prospective study of the 
hemodynamic effects of temporary cardiac pacing (atrial and 
ventricular) was planned to assess whether an R-triggered or 
an atrial-driven ventricular pacemaker would be most ap- 
propriate for the patient. The patient was taking no medica- 
tion while the studies were performed; his antihypertensive 
treatment had been discontinued 2 weeks earlier. Blood vol- 
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TABLE II 

Patient 2. Response of Total Peripheral Resistance to Re- 
duction in Cardiac Output: Contrast Between Standing With 
Normal Sinus Rhythm and Ventricular Pacing 


Standing 
Supine Standing — With VP 
er Er AERIS eee N 

Rhythm NSR NSR VP 
HR (beats/min) 80 90 78 
BP (mm Hg) 104/68 103/79 80/58 
CO (liters/min) 6.28 4.81 3.34 
TPR (dynes-sec-cm-5) 1019 1447 1565 


essentially unchanged (+8 percent), so that blood pressure de- 
creased significantly. BP = blood pressure; CO = cardiac output: 
HR = heart rate; NSR = normal sinus rhythm; TPR = total peripheral 
resistance; VP = ventricular pacing. 


ume was mildly expanded (35.2 ml/cm or 114 percent of nor- 
mal) because of a slight increase of red cell mass (16.7 ml/cm; 
normal for our laboratory 12.2 + 1.2); plasma volume was 
normal, 18.5 ml/cm. 

Hemodynamics during pacing: Ventricular pacing re- 
sulted in a lower cardiac output and arterial pressure than 
atrial pacing (6.0 liters/min and 118/80 mm Hg versus 7.03 and 
168/96, respectively), despite comparable heart rates (85 
beats/min with ventricular pacing and 80 during atrial pacing 
(Table I). A similar association of low arterial pressure with 
lower cardiac output during ventricular pacing has previously 
been reported‘; however the 14.6 percent reduction in output 
(1.03 liters/min) should normally be compensated for by an 
increase in peripheral resistance.!! The decrease in arterial 
pressure with ventricular pacing was not due to reduction in 
output alone, as demonstrated by comparison of arterial 
pressures during normal sinus rhythm (74/min) with those 
during ventricular pacing (85/min). Although both rhythms 
were associated with the same level of cardiac output, arterial 
pressure was much lower during ventricular pacing than 
during sinus rhythm (118/80 versus 158/90 mm Hg). 


Control Patients 


The results in these three patients were compared with 
those obtained in four patients who had a ventricular pace- 
maker of similar design but no hypotension with pacing. One 
of these four patients was receiving Dilantin, but the other 
three were receiving no medication. During ventricular pacing 
the decrease in cardiac output of 16.9 + 4.7 percent (mean + 
standard deviation) was compensated for by an increase in 
total peripheral resistance (+22 + 10.8 percent), so that ar- 
terial pressure was unchanged (Table III). The main differ- 
ence between the groups with and without pacing-induced 
hypotension was the response of peripheral resistance to the 
decrease in cardiac output. Cardiac output decreased 13 
percent in patients with hypotension (including data from the 
study performed during standing) 16.9 percent in those 
without hypotension (difference not significant); in contrast, 
peripheral resistance was practically unchanged (—1.5 per- 
cent) in the group with hypotension but increased 29 percent 
in the group without hypotension (P «0.02). Blood volume 
in the latter four patients ranged from a moderate decrease 
in two (80 percent of normal) to near normal values (90 per 
cent of normal) in two. 
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TABLE III 
Hemodynamic Changes With Ventricular Pacing (Four 
Patients With Stable Blood Pressure) 


Cardiac 

HR Output TPR 

(beats/ BP (liters/ (dynes- 

Patient Rhythm min) (mm Hg) min) Sec-cm 5) 

1 NSR 57 154/61 3.24 3440 
VP 60 140/64 2.60 4160 
2 NSR 66 121/72 5.22 2320 
VP 90 118/82 4.20 3120 
3 NSR 60 166/82 6.00 2880 
VP 80 152/85 5.40 3120 
4 NSR 86 132/67 6.46 2560 
VP 95 141/80 5.27 3200 
Means NSR 67 143/71 5.23 2800 
VP 81 138/78 4.37 3440 

P NS NS «0.01 «0.02 


NS = not significant; P = probability; other abbreviations as in 
Table |. 


Discussion 


Variation of arterial pressure with timing of atrial 
contraction in relation to ventricular systole has been 
described before,412-14 but the occurrence of symp- 
tomatic hypotension during effective ventricular pacing 
has not previously been reported in ambulatory pa- 
tients. As shown in our three patients, syncope or severe 
lightheadedness, or both, can occur despite adequate 
ventricular pacing and pose serious diagnostic problems. 
Our hemodynamic data suggest that the lower arterial 
pressure responsible for these cerebral symptoms is 
related to loss of effective atrial contraction and not to 
changes in cardiac output alone. 

Contribution of atrial systole to cardiac output 
and arterial pressure: Braunwald!2 demonstrated 
that, in cardiac cycles in which atrial systole is properly 
timed, values for left ventricular end-diastolic pressure 
and volume and brachial arterial pressure are higher 
than in cycles in which ventricular contraction is not 
preceded by appropriatelv timed atrial systole. These 
results were confirmed by many investigators*:15-17. the 
phenomenon was attributed to an increase in the force 
of left ventricular contraction induced by elevated left 
ventricular end-diastolic pressure and volume resulting 
from a well timed “atrial kick.” 

There is little doubt that ventricular performance is 
enhanced when the atrial beat properly precedes ven- ° 
tricular contraction but, as Burchell 18 pointed out, the 
actual contribution of atrial systole to cardiac output 
Is not a fixed value but can vary within wide limits de- 
pending on heart rate, myocardial status or valve dis- 
ease. More importantly, there is no obvious reason why 
the variation in output that could be attributed to the 
loss of effective atrial systole should result in a decrease 
in arterial pressure. A reduction in cardiac output by 25 
or 30 percent is well within the potential of normal 
compensatory reflexes, as shown by hemodynamic 
studies of head-up tilt? or intravenously adminstered 
propranolol!? or practolol.2° Similar observations were 
also reported with the rapid reduction in cardiac output 


that occurs within 20 to 30 minutes after the intrave- 
nous administration of furosemide; arterial pressure 
remained unchanged despite a 17 percent decrease in 
output.2! This was also demonstrated in our four 
asymptomatic patients (Table III): Despite a 10 to 20 
percent reduction in cardiac output with ventricular 
pacing, arterial pressure was unchanged because of the 
22 percent increase in peripheral resistance. 

Hypotension during ventricular pacing and pe- 
ripheral resistance: In our three patients whose blood 
pressure decreased with ventricular pacing, the hypo- 
tension was not due to an excessive reduction in output 
but rather was related to the failure of the normal 
compensatory response of peripheral resistance. Studies 
in the upright position clearly illustrated this point. 
During normal sinus rhythm, total peripheral resistance 
increased with tilt to compensate for the decrease in 
cardiac output, whereas it did not change despite a 
similar output reduction induced by pacing (Table II). 
This paradoxic lack of total peripheral resistance re- 
sponse could not be related to impaired baroceptor re- 
flexes, because all three patients demonstrated a normal 
blood pressure response to the Valsalva maneuver. The 
coincidence of a decrease in arterial pressure during A-V 
dissociation with the recording of cannon waves in atrial 
tracings led to the suggestion that the paradoxic be- 
havior of peripheral resistance might be related to an 
atrial reflex. This suggestion is in agreement with the 
experimental results of Kahl et al.22 They found that 
inflation of a balloon in the left atrium led to a decrease 
in arterial pressure because the decrease in cardiac 
output was not compensated for by an increase in pe- 
ripheral resistance, in contrast, similar decreases in 
output due to occlusion of the superior vena cava led to 
fully compensatory increases in total peripheral resis- 
tance. 

Role of atrial reflexes in cardiovascular control: 
The atria are known to contain A vagal receptors that 
discharge with the a wave of the atrial pressure curve, 
that is, during atrial contraction.2? Linden? successfully 
emphasized the role of atrial reflexes in cardiovascular 
control; of particular importance is his suggestion that 
atrial receptors are “the first link in a negative feed-back 
mechanism controlling heart volumes." The reflexes 
initiated by atrial distension include tachycardia 
without inotropic stimulation” and also increase in 
- urinary flow,?9 but effects on peripheral resistance vary. 
Although Carswell et al.’ found no change in total pe- 
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ripheral resistance in the femoral bed of anesthetized 
dogs, more recent studies suggested a vasodilator ef- 
fect,28 at least in the kidneys. Selective electrical stim- 
ulation of A fibers in cats was shown to produce 
bradycardia and systemic vasodilation, particularly in 
the renal vascular bed.?5 They could be stimulated by 
an increase in atrial pressure whether the pressure was 
increased by transfusion or by occlusion of the aortic, 
pulmonary arterial, mitral or tricuspid orifices.?? Rec- 
ordati et al.3° recorded the activity of these receptors 
from the right cervical vagus nerve in anesthetized cats 
with normal sinus rhythm when the heart was paced at 
a fixed rate. Changing the atrial volume by infusion of 
saline solution, bleeding and occlusion of the inferior 
vena cava demonstrated that the systolic discharge of 
the A vagal receptors was a function of the active ten- 
sion developed by atrial muscle during contraction. Our 
results suggest that when the atrium contracts against 
a closed valve, a momentary vasodilating reflex could 
be induced by stimulation of some atrial receptors. In 
fact, Kahl et al.?? stressed the predominance of reflexes 
initiated by these atrial receptors over those of the ar- 
terial baroceptors. 

Implications: Improperly timed atrial contractions 
can lead to different hemodynamic effects, depending 
on their influence on cardiac output and on the reflexes 
generated. In most cases ventricular pacing will reduce 
cardiac output, but the blood pressure response will 
depend on the ability to compensate for that reduction. 
Two opposing reflexes are important: (1) a vasocon- 
strictive reflex to the reduction in arterial pressure and 
cardiac output, and (2) a vasodilator reflex resulting 
from stimulation of the atrial A vagal receptors. Because 
of the multiplicity of factors, it is not surprising to note 
the wide range of clinical manifestations in patients with 
spontaneous or pacemaker-induced A-V dissociation. 
The hemodynamic changes with ventricular pacing may 
balance each other so as to produce no symptoms in the 
majority of patients; however, in a few the tendency for 
arterial pressure to decrease may predominate. 
Lightheadedness or syncope will then occur either at 
rest or with some added stress such as standing up. 
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A 27 year old woman was hospitalized for progressive dyspnea, fatigue 
and retrosternal chest pain. She had progressive cardiac enlargement 
with clinical and laboratory confirmation of a dilated cardiomyopathy. 
Transvenous percutaneous right ventricular endomyocardial biopsy 
yielded a specimen showing a noncaseating granuloma. The patient’s 
dyspnea responded dramatically to steroid therapy with corresponding 
improvement in radiographic and echographic measures of ventricular 
performance. This case illustrates the problem of diagnosing cardiac 
sarcoidosis when there is no apparent evidence of other organ involve- 
ment. 


Sarcoidosis is a systemic disease that can involve the heart. Although 
its primary manifestations are pulmonary, it can be an unsuspected cause 
of cardiac conduction disturbances or severe cardiomyopathy in young 
adults. In the absence of more obvious pulmonary or lymphatic in- 
volvement, the diagnosis may be overlooked in a situation of potentially 
treatable cardiac disease. We report on a patient with cardiomyopathy 
secondary to sarcoidosis, diagnosed with percutaneous transvenous 
endomyocardial biopsy, who exhibited a beneficial response to treatment 
with corticosteroids. 


Case Report 


A 27 year old black housewife was transferred to Stanford Medical Center for 
evaluation of severe cardiomyopathy. She had had an uneventful pregnancy 11 
months earlier. There was no history of familial heart disease, tuberculosis, 
rheumatic fever, hypertension or alcohol abuse. She denied fever, arthralgias 
and skin lesions. Five months before admission she experienced progressive 
dyspnea, fatigue and retrosternal chest pain. Evaluation at another hospital 
included chest roentgenograms and echocardiograms that showed multichamber 
cardiac enlargement. Results of thyroid, immunologic and infectious disease 
studies were normal or negative. 

Right and left heart catheterization revealed no intracardiac shunt. Coronary 
arteriography revealed normal coronary arteries. The left ventriculogram showed 
severe diffuse hypokinesia. The cardiac index was 1.2 liters/min per m?, and the 
ejection fraction was 15 percent. Pressures, in mm Hg, were as follows: right atrial 
mean 16, with an A wave of 20 and a V wave of 17; pulmonary arterial 51/25 
(mean 37); right ventricular end-diastolic 15; pulmonary wedge mean 29; and 
left ventricular pressure 95 systolic (end-diastolic value 32). The patient’s con- 
dition did not improve with bed rest or diuretic therapy, and she was limited to 
constant bed rest. 

On physical examination, the patient was a somnolent thin young black 
woman. The blood pressure was 86/70 mm Hg without pulsus paradoxus, pulse 
rate 118 beats/min, respiration 20/min and temperature 37° C. There were no 
skin lesions, peripheral clubbing or edema or lymphadenopathy. The carotid 
upstroke was normal. The chest was clear to auscultation. A diffuse left ven- 
tricular impulse was visible. The first and second heart sounds were normal. A 
grade 2/6 pansystolic apical murmur and third and fourth sound gallops were 
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FIGURE 1. The upright posteroanterior chest roentgenogram obtained 
before administration of specific therapy shows clear lung fields and 
massive cardiomegaly that partially obscures the hilar areas. 


heard. The liver measured 14 cm in vertical span and was 
tender but nonpulsatile on palpation. The limbs were cool, 
with intact pulses. 

The hemogram and electrolyte determinations were normal. 
Serum calcium was 9.7 mg/100 ml, serum creatinine 1.0 
mg/100 ml, total bilirubin 2.1 mg/100 ml and serum glutamic 
oxaloacetic transaminase was 80 IU/liter. The serum gamma 
M globulin was increased to 340 mg/100 ml (normal 60 to 280). 
Skin tests for mumps, dermatophyton, tuberculosis and coc- 
cidiomycosis were nonreactive. 

The chest roentgenogram (Fig. 1) showed clear lung fields 
and massive cardiomegaly. The hila were obscured by the 
enlarged heart. 'T'he electrocardiogram revealed normal sinus 
rhythm, a QRS axis of 10? and absent R waves in leads V to 
V5 with T wave inversion in the inferolateral leads. 

The echocardiogram revealed left ventricular enlargement, 
and the percent fractional shortening (the difference between 
the end-systolic and end-diastolic diameters divided by the 
end-diastolic diameter) was 4 percent (normal value greater 
than 25 percent). 

Treatment with thiazide diuretic agents, digoxin and bed 
rest was continued without improvement. A trial of nitro- 
glycerin ointment with Swan-Ganz catheter monitoring was 
instituted. Afterload reduction resulted in an increase in 
cardiac output from 1.8 to 3.7 liters/min, a decrease in pul- 
monary end-diastolic pressure from 27 to 18 mm Hg, a de- 
crease in pulse rate from 110 to 93 beats/min and an increase 
in blood pressure from 90/70 to 98/74 mm Hg. The patient's 
mental status dramatically improved as cardiac output in- 
creased. Treatment was continued with nitroglycerin oint- 
ment applied every 4 hours. During a 5 day period, she re- 
mained alert, her functional status improved and she mani- 
fested loss of chest pain, resolution of liver function abnor- 
malities and ability to walk without dyspnea. 

A transvenous percutaneous endomyocardial biopsy was 
performed on the third hospital day. Multiple serial speci- 
mens were obtained with a 9.0 French flexible catheter biop- 
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FIGURE 2. Section of endomyocardial biopsy specimen showing a 
granulomatous lesion with giant cells (arrows) and a predominantly 


lymphocytic infiltrate. (Hematoxylin-eosin X 190, reduced by 28 per- 
cent.) 
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tome 50 cm in length. The bioptome had cutting jaws oper- 
ating on a single-hinge mechanism and was capable of taking 
samples averaging 2 to 4 mm in diameter.! It was passed by 
way of the right internal jugular vein into the right ventricular 
apex. One specimen showed a noncaseating granuloma with 
giant cells and fibrosis (Fig. 2). Cultures of cardiac tissue, 
urine, sputum and bone marrow revealed no tuberculosis or 
fungal infection. Results of serologic studies for coccidiomy- 
cosis and histoplasmosis were negative. Percutaneous liver 
biopsy revealed normal findings. Mild hilar adenopathy was 
obscured in the initial chest roentgenogram because of the 
cardiomegaly, but became evident with subsequent cardiac 
shrinkage. 

A clinical diagnosis of sarcoidosis was made, based pri- 
marily on the presence of a noncaseating granuloma in the 
myocardium in a young black woman, in the absence of fungal 
or tuberculous infection. Treatment with prednisone, 20 mg 
three times daily, was therefore instituted. 

Since discharge, the patient has shown gradual but steady 
improvement over a period of 4 months and has been able to 
resume normal housework activities and care for her children. 
The regimen of prednisone, initiated at 60 mg/day, was 
maintained in excess of 20 mg/day for 2 months, tapered over 
5 months and then discontinued after a total corticosteroid 
course of 7 months. Application of nitroglycerin ointment was 
discontinued 8 weeks after initiation of prednisone therapy ' 
and use of diuretic medications was tapered and discontinued 
6 months after initiation of prednisone therapy. Echographic 
and radiographic indexes of left ventricular function (Fig. 3, 
Table I) showed rapid improvement during the first month 
of corticosteroid therapy. 


Discussion 


Classicially, sarcoidosis presents as a syndrome of 
acute febrile illness with arthralgias and erythema no- 
dosum, or as a pulmonary disease with bilateral hilar 
adenopathy that may progress to infiltrates and fibro- 
sis.? It is a disease of young adults, and has been re- 
ported worldwide. It is characterized by epithelioid 
granulomatosis without caseation, accompanied by 





FIGURE 3. Left ventricular echo- 
grams before (left) and after (right) 
treatment with prednisone and ni- 
trites show a decrease in left ven- 
tricular internal dimensions (LVID) 
at end-diastole (ED) and at end- 
systole (ES) and improved fractional 
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shortening (FS 95 ). 
TABLE ! ur. 
Effects of Treatment 
1976 1977 
11/5 11/10 11/12 11/29 12/13 1/27 2/24 6/2 
Prednisone - od 60 40 10 5 0 
(mg/day) 
Nitroglycerin -— T $ T => = = 
ointment 
FS (%) 4 9 18 15 16 18 
LVIDgp 6.5 7.4 7.0 5.4 5.4 6.1 6.3 
CT ratio 0.68 Tr 0.56 0.57 0.57 4d 
— = drug not given; + = drug administered; . . . = data not obtained; CT ratio = cardiothoracic ratio (X-ray examination); FS = fractional shortening 


(echocardiogram); LVIDep = left ventricular internal dimension at end-diastole (echocardiogram). 


chronic inflammatory infiltrate in multiple organs. This 
process may resolve or progress to fibrosis. 

Clinical features: Cardiac sarcoidosis presents with 
electrocardiographic abnormalities, cardiomyopathy 
or sudden death. Electrocardiographic abnormalities 
include heart block, other conduction disturbances, 
arrhythmias, repolarization disturbances and loss of R 
wave voltage mimicking myocardial infarction.?-9 Stein 
et al.’ prospectively surveyed the electrocardiograms 
of 80 young patients with known sarcoidosis and no 
history of cardiac complaints. They found that 41 pa- 
tients had abnormal records, including evidence of 
conduction defects, abnormal repolarization and ar- 
ritythmias. 

The incidence of clinical congestive heart failure in 
sarcoidosis, other than that secondary to cor pulmonale, 
is not known. In autopsy series confined to patients with 


cardiac sarcoidosis, the incidence rate of congestive 
heart failure ranged from 23 to 50 percent.?:48-!! In 
these studies, the incidence rate of sudden death ranged 
from 16 to 67 percent. In the series of Gozo et al.,* the 
mean age of death secondary to cardiac sarcoidosis was 
40 years. Patients in the series of Roberts et al.!° who 
presented with cardiac complaints as the principal 
manifestation of sarcoidosis had little evidence of 
clinical involvement of other organ systems, as was the 
case with our patient. In their report, the duration of 
symptoms before death was usually less than 12 months, 
and the diagnosis was rarely made before death. Matsui 
et al.!! reported that the diagnosis was established 
during life in only 5 of 42 patients with fatal myocardial 
sarcoidosis. 

Cardiac involvement: Sarcoidosis is estimated to 
involve the heart in approximately 20 percent of au- 
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topsy cases of systemic sarcoidosis.!?-14 Noncaseating 
granulomas and focal or diffuse fibrosis have been re- 
ported to involve the myocardium; the conduction 
system, including the atrioventricular node, His bundle 
and bundle branches?; the papillary muscles!5; the 
aortic valve?; the mitral valve4; and the pericardium.!9 
The formation of ventricular aneurysms secondary to 
extensive scarring has also been reported.*? In the series 
of Roberts et al.,!? the left ventricular papillary mus- 
culature and upper ventricular septum were the most 
common sites of involvement. Most reports of cardiac 
sarcoidosis were based on autopsy series and stressed 
a grave prognosis and short clinical course; the natural 
history of the condition is not known. 

Diagnosis of cardiac sarcoidosis: Our patient il- 
lustrates the problem of correctly diagnosing cardiac 
sarcoidosis when there is no apparent evidence of other 
organ involvement. The histologic diagnosis of this 
disease is usually made in other organs but, when the 
heart is the primary site of involvement, the diagnosis 
is usually made at the time of autopsy. Our case is dis- 
tinctive because the diagnosis of sarcoidosis was es- 
tablished with percutaneous endomyocardial biopsy; 
it suggests another potentially treatable cause of car- 
diomyopathy that can be identified with cardiac biopsy. 
Percutaneous endomyocardial biopsy has been shown 
to be a safe and informative method of establishing a 
specific diagnosis in myocardial disease states.!7:1? The 
finding of the intact noncaseating granuloma may be a 
result of fortuitous sampling but has been observed in 
one other case.1.;!7 In patients in whom the disease is 
strongly suspected, obtaining multiple biopsy specimens 
(three to four samples is our common practice) may 
increase the diagnostic specificity of the procedure. 

Corticosteroid therapy: The administration of 
prednisone, one of several therapeutic interventions in 





our patient, probably accounts for her rapid and sus- 
tained hemodynamic improvement. Although preload 
and afterload reduction with nitroglycerin and other 
agents partially alleviated symptoms of severe left 
ventricular failure, the persistence of the patient's im- 
proved status despite discontinuation of these medi- 
cations suggests that corticosteroids exerted a beneficial 
effect. Although steroid administration is advised by 
most authorities when sarcoidosis involves the heart, 
eyes and other critical organs, the role of corticosteroid 
therapy in altering the natural course of cardiac sar- 
coidosis has not been clearly demonstrated.?:!9 

Stein et al.2° followed up 15 patients with a diagnosis 
of probable cardiac sarcoidosis based on organ biopsy 
or Kveim test positivity. Prednisone in combination 
with quinidine seemed effective for patients with ven- 
tricular arrhythmias as the primary manifestation of 
their cardiac sarcoidosis. The few patients with con- 
gestive heart failure and cardiomegaly did not respond 
as well, and two deaths in the series resulted from con- 
gestive failure. 

In summary, our patient’s course emphasizes that 
sarcoidosis should be suspected in young adults, par- 
ticularly if they are black, with cardiomyopathy, con- 
duction disturbances or other electrocardiographic 
abnormalities. Clinical deterioration may be rapid and 
the diagnosis obscured by apparent lack of sarcoidosis 
in other organs. The use of percutaneous transvenous 
endomyocardial biopsy may aid the diagnosis of cardiac 
sarcoidosis and thus permit the initiation of therapy 
with corticosteroids. 
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This is the first documented histologic study of the heart of a patient with 
corrected transposition of the great vessels and congenital atrioventricular 
(A-V) block with no connection between the atria and an anterior type 
of peripheral conduction system. Musculature in the superior (anterior) 
walls of both atria was absent, as was the anterior A-V node. The pe- 
ripheral conduction system began with the bundle of His. In place of the 
absent atrial musculature, fibrosis and calcification were present. The 
relation of laboratory evidence of connective tissue dyscrasia in the 
mother to the congenital A-V block in the child is discussed. 


Although atrioventricular (A-V) block is frequently seen in patients with 
corrected transposition of the great vessels,!-!? few histologic studies 
of the conduction system in this entity have been performed to determine 
the pathogenesis of the block.14-16 This report describes the conduction 
system in such a case with mixed (discordant) levocardia (situs solitus 
atria with l-loop) and A-V block, documenting the first case in which 
lack of connection of the atria with the peripheral conduction system 
is a cause of complete A-V block in an anterior type of conduction system. 
This case is of special interest in that the mother of the child had labo- 
ratory evidence of possible connective tissue disease. 


Case History* 


Twin A: This was the first of premature twins born to a 33 year old (gravida 
III, para II, abortus 0) white woman on July 14, 1975, after a 34 week gestation 
period. In January 1975 the mother received doxylamine succinate, pyridoxine 
hydrochloride, meclizine hydrochloride and medroxy progesterone acetate for 
a short time, and in March she was given amphetamine to decrease her appetite. 
Except for the prematurity of the birth, the pregnancy was uneventful. Twins 
were delivered with a placenta in which both cords had three vessels and which 
appeared to be a monochorionic diamniotic placenta. The mother had no 
symptoms of connective tissue disease but did have a positive rheumatoid factor, 
both latex and human cell titer, with a normal antinuclear antibody pattern. 

Physical examination on the first day of life revealed a white female infant 
weighing 1,630 g in mild respiratory distress; heart rate was 58 beats/min, res- 
piratory rate 80 breaths/min and systolic blood pressure in the arm 70 mm Hg. 
'The heart rate was slow and regular, with a grade 2/6 systolic ejection murmur 
at the apex and fourth left intercostal space. The limbs were mildly cyanotic and 
leg pulses weak. 

Blood studies showed: Hemoglobin 8.1 g/100 ml, hematocrit 24.8 percent, 
bilirubin 2 mg/100 ml and blood sugar 120 mg/100 ml. The chest roentgenogram 
revealed poor aeration of the upper lobes of the lungs and recurrent and shifting 
atelectasis. The heart was enlarged, and the electrocardiogram disclosed com- 
plete A-V block with a narrow QRS configuration (Fig. 1). 

The infant was treated for prematurity with intravenous feedings and later 
hyperalimentation. The anemia was considered secondary to the twin maternal 
transfusion in utero, and after transfusion the hematocrit increased to 57 percent. 
Respiratory distress was treated with oxygen and mechanical ventilation. 


* This case was briefly described clinically by McCue et al. 17 
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The clinical diagnosis was complex congenital heart dis- 
ease, probable corrected transposition of the great arteries 
with pulmonary stenosis and congenital complete heart block. 
Runs of paroxysmal ventricular tachycardia were initially 
treated with lidocaine, but multiple premature ventricular 
complexes continued. Cardiac failure developed and persisted 








FIGURE 2. Morphologic left ventricular view showing origin of the 
pulmonary trunk. Linear formations indicate the course of the conduction 
system. Ao — ascending aorta; B — A-V bundle; C — endocardial cur- 
tain; D — ventricular septal defect; LBB — left bundle branch; LV — 
morphologic left ventricle; MV — mitral valve; Pu — pulmonary trunk; 
RBB = right bundle branch. 


in spite of treatment with digoxin and furosemide. The infant 
also had runs of severe bradycardia. On July 17, 1975 (at age 
3 days), a transvenous temporary pacemaker was inserted, 
which initially functioned well but then became less efficient 
as the result of perforation of the anterior ventricular myo- 
cardium without tamponade. Later that day, a permanent 


FIGURE 1. Electrocardiogram revealing complete A-V 
block with an atrial rate of 136/min, a ventricular rate of 
54/min, a QRS duration of 0.05 sec, a QR pattern in lead 
V,, right atrial enlargement and right ventricular hyper- 
trophy. 





" * 
FIGURE 3. Right atrial-morphologic left ventricular view. L = limbus 
fossae ovalis; LV — morphologic left ventricle; MV — mitral valve; O 
= approximate area where a posterior A-V node may be found in mixed 
levocardia with ventricular inversion; RA = right atrium; X = approxi- 
mate area where the anterior A-V node is expected to be found in mixed 
levocardia with ventricular inversion. 
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Medtronic demand pacemaker was installed and appeared to 
be functioning well, but the infant remained cyanotic and in 
severe resistant heart failure. She died on July 29, 1975. 
Twin B: The second twin weighed 2,100 g and, although she 
had a grade 2/6 systolic ejection murmur at the left sternal 
border, she had no cyanosis or distress. The chest roentgen- 
ogram showed minimal cardiomegaly with normal pulmonary 
vasculature, and the electrocardiogram demonstrated con- 
genital complete heart block with a mild left ventricular 
predominance, a precordial lead pattern very different from 
her sister's. Heart failure never developed, and the ventricular 


FIGURE 4. Photomicrographs of (A) 
superior (anterior) wall of both atria 
(Weigert-van Gieson stain X 17) 
and (B) superior wall of the right 
atrium (hematoxylin-eosin stain X 
45). Arrows point to absent mus- 
culature. Ao — Aorta; At — poste- 
rior atrial septum; E — endocardial 
fibroelastosis; F — flecks of calci- 
ura; L = limbus fossae ovalis; LA = 
left atrium; LV = left ventricular 
musculature; Pr = derivative of 
septum primum; Pu = pulmonary 
trunk; RA = right atrium; SL = su- 
perior wall of left atrium; SR = su- E 
perior wall of right atrium. 
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and atrial rates of 52 and 150/min, respectively, were well 
tolerated. The echocardiogram disclosed a thick interven- 
tricular septum. At age 10 months cardiac catheterization and 
cineangiocardiography revealed poor contractility of the left 
ventricle. mild mitral regurgitation and a patent foramen 
ovale. The patient continues to thrive at age 2 years. 


Postmortem Examination (Twin A) 


Heart 


The autopsy was limited to the heart, which was enlarged. 
A large pulmonary trunk was situated to the right and pos- 
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FIGURE 5. Photomicrographs of bundle of His (arrow). (Weigert-van Gieson 
stain). A, X 3.7; B, X 45. Ao = aorta; IV = inferior vena cava; L = limbus 
fossae ovalis markedly fibrosed; LA = left atrial musculature; LV = mor- 
phologic left ventricular musculature; MV = mitral valve; PA = pulmonary 
anulus; Pr = derivative of septum primum; Pu = pulmonary trunk; RA = 
right atrial musculature. 


terior, and a smaller aorta to the left and anterior (Fig. 2). The 
normally placed morphologic right atrium emptied into the 
morphologic left ventricle, located to the right and anterior 
(Fig. 2 and 3). The normally placed morphologic left atrium 
emptied into the morphologic right ventricle, positioned to 
the left and posterior. The pulmonary trunk arose from the 
morphologic left ventricle (Fig. 2) and the aorta from the 
morphologic right ventricle. The left A-V (tricuspid) orifice 
was stenotic, and its valve consisted of a small leaflet on the 
inferior wall and another small leaflet adjacent to the ven- 
tricular septal defect. This defect was situated below the arch 
formed by the septal and parietal bands. Both A-V valves were 
contiguous at the ventricular defect and joined a curtain of 
endocardial tissue that lay beneath the pulmonary orifice (Fig. 
2). The endocardium of the right atrium was diffusely thick- 
ened, especially around the limbic area and distal (down- 
stream) to it, where ridge formation was evident. There was 
hypertrophy and enlargement of the right atrium and mor- 
phologic left ventricle. The left atrium was smaller than nor- 
mal, but its wall was thicker than normal. The morphologic 
right ventricle was smaller and thinner than usual for a sys- 
temic ventricle. A patent ductus arteriosus and fetal coarc- 
tation were also present. 

The fundamental anatomic diagnosis was mixed (discor- 
dant) levocardia with ventricular inversion (situs solitus atria 
with /-loop) with (1) common A-V canal type of ventricular 
septal defect, (2) fetal coarctation, and (3) tricuspid steno- 
sis. 
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Conduction System Studies 


Methods: The heart with the apex removed was completely 
embedded as a single block and serially sectioned roughly at 
right angles to the posterior wall but tilted somewhat toward 
the apex. Every fifth section was retained, and consecutive 
sections were stained with hematoxylin-eosin, Weigert-van 
Gieson and Gomori trichrome stains. In this manner 422 
sections were studied. 

Findings: Sinoatrial (S-A) node. This was in the normal 
position. À chronic organizing epicarditis was present with 
involvement of the periphery of the node. The epicarditis 
consisted of mononuclear cells, new vascular channels and 
perivascular fibrosis. 

Approaches to S-A node. Chronic epicarditis was again 
seen. 

Atria and atrial septum. The proximal part of the atrial 
septum and the atrial walls contained muscle. In the region 
of the fossa ovalis, the superior wall of the right atrium and 
to a lesser extent that of the left atrium adajcent to the pul- 
monary trunk were devoid of muscle (Fig. 4). In its place there 
was thick elastofibrous tissue with flecks of calcium, covered 
externally by abundant subepicardial loose fat and fibrous 
tissue with an infiltration of mononuclear cells. The endo- 
cardium in this region showed marked fibroelastosis. The 
limbus was partially replaced by marked fibrosis. The lesion 
also involved the distal (downstream) part of the anterior 
portion of the atrial septum. 
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Posterior A-V node and its approaches and posterior 
bundle. These were absent. Ordinary “working” atrial myo- 
cardium was present in the atrial septal region posteriorly. 

Anterior A-V node and its approaches. These were absent. 
As stated, where one would expect these structures to be 
present (Fig. 3), there was no myocardium in the superior wall 
of the right atrium (Fig. 4). 

Anterior bundle of His and bundle branches. 'The bundle 
commenced in the anulus of the mitral valve, slightly removed 
from the pulmonary valve anulus, and had no connections 
with the atrial musculature (Fig. 2 and 5). It passed into the 
superior wall of the morphologic left ventricle and cortinued 
laterally on the parietal wall of the left ventricle a short dis- 
tance from the pulmonary anulus. It thus came to lie in the 
ventricular septum in the superodistal wall of the ventricular 
septal defect (Fig. 2 and 6). There it gave off fibers of the left 
bundle branch (Fig. 2) and then continued on the distal wall 
of the defect and gave off the right bundle branch (Fig. 2). The 
latter traveled through the septal wall to the right ventricular 
endocardium, branching into Purkinje fibers. The main 
bundle now was for a short distance intramyocardial. It then 
gave off the remaining fibers of the left bundle branch, which 
proceeded downward into the left ventricle. These fibers were 
not followed to their termination. 

Mitral anulus. 'The atrial musculature of the lateral wall 
of the mitral anulus had a loose arrangement of smal! myo- 
cardial fibers resembling the cells seen in the approaches to 
the A-V node. 

Atrial and ventricular myocardium. 'T'here was no evidence 
of fibrinoid necrosis or onion-skin perivascular fibrosis typical 
of disseminated lupus erythematosus. In some areas the atrial 
myocardium adjacent to the epicardium showed an infiltra- 
tion of mononuclear cells. 


Discussion 


Congenital atrioventricular (A-V) block may be as- 
sociated with various congenital malformations, or it 
may be found in an otherwise normal heart. It is espe- 
cially common in mixed (discordant) levocardia with 
ventricular inversion (situs solitus atria with /-loop- 
corrected transposition).1-1? 

In pure levocardia (situs solitus atria with concordant 
chambers [d loop]), three mechanisms of block have 
been documented histologically (Fig. 7). They are (1) 
lack of connection between the atria and the peripheral 
conduction system,!® (2) interruption of the bundle of 
His due to fibrosis,!? and (3) interruption in the bundle 
branches.?9 

Block in an anterior type of conduction system 
in transposition: In most cases of mixed (discordant) 
levocardia with ventricular inversion (corrected trans- 
position), an anterior type of conduction system has 
been described pathologically!+!© and by His bundle 
studies!?:21-23 (Fig. 7). The posterior or normal A-V 
node may or may not be present (Fig. 3). When present, 
it usually does not give off a bundle of His and thus has 
no direct connection with the ventricles. In these cases, 
an A-V node is present anteriorly adjacent to the pul- 
monary and mitral anuli (Fig. 3 and 7). This node gives 
rise to a bundle of His, which penetrates the mitral an- 
ufus and travels along the superior parietal wall of the 
ventricle close to the pulmonary anulus. It thus reaches 
the left side of the ventricular septum (Fig. 2 and 7). If 





FIGURE 6. A-V bundle (arrow) in superodistal wall of ventricular septal 
defect. D = ventricular septal defect; LVS = morphologic left ventricular 
side of septal musculature; MV = mitral valve; TV = tricuspid valve. 


there is a ventricular septal defect, it reaches the su- 
perodistal wall of this defect, where the bundle branches 
are given off to their respective morphologic ventricular 
chambers. 

When there is block in an anterior type of conduction 
system, fibrotic disruption of the bundle of His in the 
anterior bundle has been described in the two studies 
performed to date.14!5 Our case is the first in which lack 
of connection of the atria with the peripheral conduction 
system was present in an anterior type of conduction 
system (Fig. 7). His bundle studies in corrected trans- 
position have revealed block proximal or distal to the 
His bundle recording site.!!,24-26 

The lesion in “lack of connection," whether in an 
anterior or posterior type of conduction system, consists 
of lack of muscle in the approaches to the A-V node and 
intact or, as in our case, lack of muscle in the approaches 
and lack of an anterior A-V node, with the peripheral 
conduction system beginning in some part of the A-V 
bundle. Fibrosis, fat tissue with an infiltration of mo- 
nonuclear cells and, in some cases, flecks of calcium take 
the place of the atrial muscle. No generalized myocar- 
ditis is present. 


. B 
8..48.. 47706 Tha Alamos Lassemal as CADNINI AAV Moli: AS 4E4 


CONGENITAL ATRIOVENTRICULAR BLOCK IN CORRECTED TRANSPOSITION—BHARATI ET AL. 





SVC 


IVC 





FIGURE 7. Diagrammatic sketches of the conduction system in pure levocardia (left) (atrioventricular [A-V] concordance [d-loop]) and in one type 
of mixed levocardia (right) (atrioventricular discordance [ -loop] as seen frem the right side, and the sites of interruption that may be present. Note 
that the bundle of His in mixed levocardia is depicted by dotted lines to indicate that it is coursing on the parietal wall to reach the septum. Dashed 
lines labeled 1, 2 and 3 are areas in which interruption of the conduction system has been recorded in congenital A-V block: 1 — interruption in 
the A-V node and its approaches; 2 — interruption in the bundle of His; and 3 — interruption in the bundle branches. A — approaches to the A-V 
node; AN = anterior A-V node; B = bundle of His; C = opening of coronary sinus; De = demarcation between sinus and infundibulum of right ventricle; 
IVC = inferior vena cava; L = limbus fossae ovalis; LBB = left bundle branch; LV = left ventricle; M = mitral valve; N = normal (posterior) A-V 
node; P = pars membranacea; PN = posterior A-V node; PV = pulmonic valve; RA = right atrium; RBB = right bundle branch; RV = right ventricle; 
SVC = superior vena cava; T = tricuspid valve; VSD = ventricular septal defect. 


Pathogenesis: The pathogenesis of this lesion, which 
is not yet known, is of special interest in our case. The 
mother of the infant had a positive rheumatoid factor 
on laboratory examination, although she had no 
symptoms of connective tissue dyscrasia and a normal 
antinuclear antibody pattern. This raises the question 
whether the pathologic findings in the atrial septum in 
our patient constitute a local myocarditis related to 
connective tissue dyscrasia, or whether the changes in 
the conduction system are in some other embryologic 
way related to the latter. In a recent study McCue et 
al.!7 reported a high incidence rate of congenital A-V 
block in children whose mothers have clinical or labo- 
ratory evidence of lupus erythematosus, implying that 
the possible passage of antibodies through the placenta 
may be responsible for the pathologic change in the 
conduction system. 

Unfortunately we cannot answer this question. In 
previous cases in which lack of connection between the 
atria and the peripheral conduction system was found, 
no mention was made of tests for connective tissue dy- 
scrasia in the mother. There was no evidence of lupus 
erythematosus in the atrial or ventricular myocardium 
in our patient or in any patient with congenital A-V 
block we have examined. This of course does not rule 
out possible antigen-antibody reaction manifesting it- 
self in the peculiar lesion “lack of connection between 
the atria and the peripheral conduction system." The 
pathologic findings in the atrial myocardium and in the 
conduction system in our case may be the result of such 
a mechanism. In the future in all cases of congenital A-V 
block, the patient's mother should undergo laboratory 


tests for connective tissue dyscrasia. We believe that the 
epicarditis in our case was caused by the epicardial 
pacemaker and the intravenous pacemaker perforation 
of the ventricular myocardium. 


If the changes in lack of connection between the atria 
and the peripheral conduction system are due to an 
embryologic variant, we previously suggested that an 
abnormality in the formation of the aortic fibrous prong 
of the central fibrous body during the absorption of the 
bulbus may be responsible for this lesion in a regular 
posteriorly oriented conducted system with no trans- 
position.!5 We postulated that this prong may have 
involved the distal part of the atrial septum in an oblit- 
erative fibrotic process. This hypothesis may also ex- 
plain the abnormal absorption of the bulbus in an an- 
terior type of conduction system. In this type of system, 
the fibrous prong of the pulmonary portion of the bul- 
bus adjacent to the mitral anulus may involve the su- 
perior walls of the adjacent atria, resulting in fibrosis 
and obliteration of the muscle of this area, which serves 
as the approach to the anterior A-V node. The calcifi- 
cation in this region, in some cases possibly dystrophic, 
supports this hypothesis. 


Lateral to the lesion in the roof, the atrial muscle at 
the mitral anulus is suggestive of the cells of the ap- 
proaches to the A-V node. This observation may sup- 
port previous reports??? that the atrial portion of the 
A-V rims has the potential to become conductive tissue. 
In our case both twins had A-V block. Familial con- 
genital block and block in twins have previously been 
documented.?9-39 
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Coronary Bypass Surgery Weighed in the Balance" 


FLOYD D. LOOP, MD, FACC 
WILLIAM L. PROUDFIT, MD 
WILLIAM C. SHELDON, MD, FACC 


Cleveland, Ohio 


Coronary arterial surgery is under fire. In the recent 
preliminary report! of the Veterans Administration 
randomized prospective study of patients with chronic 
stable angina the survival rates did not differ between 
those who received medical treatment only and those 
who were surgically treated. In the 1972 to 1974 VA 
experience (excluding patients with lesions of the left 
main coronary artery), myocardial revascularization did 
not result in prolongation of life and medical treatment 
appeared to enhance longevity when compared with 
treatment prescribed in the 1960’s. Armed with these 
data and fueled by Braunwald’s editorial,” writers for 
the lay press reported that coronary arterial surgery has 
questionable lasting benefit and no effect on longevity; 
they then implied that this information is further proof 
that unnecessary surgery is practiced in the United 
States. Citing the VA report, the New York Times? 
noted that coronary bypass surgery would not be the 
first treatment to sweep the nation and later be found 
questionable. The editorial writer found a similarity 
between coronary bypass operations and an ineffective 
device used to freeze stomach ulcers. After a decade of 
progress in myocardial revascularization, are these 
conclusions justified? 

A prospective randomized study of medical and 
surgical treatment requires adherence to a carefully 
designed protocol and evidence that the operation has 
been performed skillfully. The VA cooperative study 
does not meet these objectives. A survey of seven VÀ 
papers reporting on essentially the same patients? 
revealed poor definition of terms, inconsistent data, 
variability of experience and statistical error. Although 
randomization of patients in the VA study was partially 
based on the first arteriographic interpretation, these 
data were reclassified a year after termination of entry 
of patient to the study. This practice casts doubt on the 
quality or interpretation of the angiograms, and is in- 
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consistent with the requirement of a randomized pro- 
spective study. In a 3 year follow-up period, 17 percent 
of those patients managed medically “crossed over" and 
were treated surgically. Presumably, the survival data 
on these crossover patients were altered as their therapy 
changed, but their fate was not stated. The total number 
of medical and surgical deaths and of patients lost to 
follow-up during each interval was not mentioned. Also, 
these reports failed to discuss the rehabilitative effects 
of surgical intervention, that is, effect on quality of life, 
ability to return to work, late symptoms and effort 
performance. 

The results in this select population of patients with 
chronic stable angina pectoris led critics to suggest that 
modern medical treatment affords a substantially 
longer survival time in comparison with the natural 
course of coronary atherosclerosis documented from the 
1960's.19-14 However, the patient populations are not 
comparable. In selecting their population with chronic 
stable angina, the VA investigators excluded patients 
with (1) any form of unstable angina; (2) myocardial 
infarction in the preceding 6 months, or congestive 
failure in the 3 weeks before cardiac catheterization; (3) 
uncontrolled diabetes; (4) hypertension (under treat- 
ment) with a diastolic pressure of 100 mm Hg or greater; 
(5) ventricular aneurysm formation; (6) low ejection 
fraction; (7) marked elevation of left ventricular end- 
diastolic pressure; (8) left main coronary artery disease; 
or (9) diffuse nongraftable disease. Predictably, this low 
risk medical population will fare better than the cross 
section of patients with atherosclerotic heart disease 
whose natural history has been reported retrospec- 
tively.10-14 In these latter studies, eligibility for coronary 
bypass operation was not considered. 

The VA investigators wrote that “no standard med- 
ical therapeutic protocol" existed. Yet they gave credit 
to a “regularly supervised therapeutic program" for the 
low annual mortality rate of medically treated patients. 
The improved results of medical treatment have been 
attributed largely to the administration of propranolol 
to at least two thirds of the group. In 115 medically 
treated patients (37 percent) and 117 surgically treated 
patients (41 percent) in the VA study, the specific 
medical treatment was unknown. Therefore, only 39 
percent of the medically managed patients were known 
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to be taking propranolol versus 20 percent of the ran- 
domized surgically treated patients. 

Of the 286 randomized surgically treated patients, 6 
percent did not undergo surgery, 6 percent could not be 
categorized anatomically, 6 percent died at operation, 
12 percent had all grafts closed on subsequent cathe- 
terization and 2 percent were lost to follow-up, leaving 
approximately 200 patients for assessment of surgical 
benefit. Excluding patients with obstruction of a single 
artery, who are known to have a high survival rate for 
at least 4 years, approximately 160 patients remain for 
comparison (about 60 percent of the original group). 
The high rate of incomplete revascularization (graft 
closure and incomplete attempt) and the 18 percent 
perioperative infarction rate? would obscure any benefit 
ot surgical treatment. 

Because of the rapid technological advances in recent 
years, any cardiac surgical experience that spans several 
years suffers from changing results. Today we see a 
lesser operative risk, reduced infarction rates and a 
higher rate of graft patency than we saw 5 years ago. 
Nevertheless, surgical results reported by the VA are 
substandard even for the years 1972 to 1974. Their 
randomization began with 21 participating hospitals; 
10 dropped out, and 2 were added. Operative mortality 
rates ranged from 2 percent!? to slightly more than 12 
percent, a figure inconsistent with surgical mor:ality in 
that period. Such variations cannot be tolerated in a 
multicenter study. Braunwald? pointed out that an 
overall operative mortality rate of 5.6 percent was ac- 
ceptable to him for that period and might also be an 
average mortality rate today for surgery performed 
outside major referral centers. Why should we judge a 
mode of therapy on the basis of mediocre performance? 
A high operative mortality rate, high perioperative in- 
farction rate and low rate of graft patency are mani- 
festations of technique. Demonstration of the utility of 
an operation to prolong life requires nearly ideal surgical 
results. The clinical trial is designed to study the oper- 
ation, not the surgeon. Excellent operative results 
constitute a powerful stimulus to surgeons. 

Among 1,400 consecutive surgical patients operated 
on at the Cleveland Clinic in 1973, which was the middle 
year in the VA study, the operative mortality rate was 
0.6 percent. As in the VA reports, patients with severe 
left main arterial obstructions were excluded. A dif- 
ference also exists between the VA perioperative in- 
farction rate of 18 percent and the 4 percent infarction 
rate in our 1973 patients. Our graft patency rate in that 
period was 87 percent, which compares with the VA 
graft patency rate of 69 percent. With these data in 
mind, it is not surprising to find a 95 percent 3 year 
survival rate in our series in contrast to the VA surgical 
survival rate of 88 percent. Our experience is not 
unique. 

If one applies the VA selection standards to our 1973 
series,!6 60 percent of our surgically treated patients 
weuld have been excluded by the VA standards. Among 
our patients who met the VA entrance criteria, the 3 
year survival rate was 97 percent, adding further evi- 
dence that the VA series is indeed a low risk group that 
should experience a higher survival rate. 


EDITORIALS 


Braunwald’s editorial,” entitled “Coronary Artery 
Surgery at the Crossroads,” might better be retitled 
“Randomized Prospective Studies of Coronary Artery 
Disease at the Crossroads.” No clinician argues with the 
potential validity of this investigative method. Clinical 
trials have enormous value. However, in the area of 
coronary bypass surgery, difficulty in conforming to the 
selection process, physician bias, nonuniformity of re- 
sults in participating hospitals, failure of medical 
management causing a high crossover rate from medical 
to surgical treatment, and poor quality of surgery found 
in many participating hospitals introduce inaccuracies 
into the study, leading to erroneous conclusions that 
further confuse the physician. Critics of the operation 
discount anecdotal reporting of good surgical results for 
“lack of suitable controls." ? In light of the rehabilitative 
effect of myocardial revascularization, it is unlikely and 
even impractical that proponents of bypass grafting will 
randomize large series to prove added longevity. 

Granted, the cost of health care today is escalating. 
Hospital costs have soared from $10 billion in the 1950’s 
to $130 billion in 1976, and coronary arterial surgery 
costs approximately $1 billion annually. However, 
priorities must be considered. Coronary atherosclerosis 
is the principal cause of death in the Western world and 
is responsible for death in half of the male population 
in the United States. As Rowe!? observes, “Surgery is 
expensive, but how much is a left ventricle worth and 
to whom?" Medical treatment alone is not inexpensive. 
A patient receiving 160 mg of propranolol, 10 mg of 
isosorbide dinitrate four times daily and nitrobid will 
spend up to $500 yearly. This figure does not include 
costs of office visits, electrocardiograms, echocardio- 
grams, stress testing or myocardial imaging. Of course, 
hospitalization and time lost from work affect overall 
costs. Hospitalization for angina pectoris or infarction 
may occur more frequently than is recognized. In the 
randomized prospective study of Mathur and Guinn,!? 
77 percent of the medically treated patients were hos- 
pitalized with a coronary event in the initial 5 year fol- 
low-up period. 

No longer should medical and surgical treatment be 
viewed competitively. Coronary atherosclerosis requires 
lifelong medical management. Neither treatment cures 
the disease, but bypass surgery may complement con- 
servative therapy and offer more effective rehabilita- 
tion. In many patients, especially those with severe 
angina, multivessel disease and technically favorable 
coronary anatomy, myocardial revascularization can 
improve life-style and extend longevity. When per- 
formed proficiently, the bypass operation provides relief 
from ischemic chest pain. For patients with multiple 
vessel disease,2°- angina with poor ventricular func- 
tion,26-28 unstable angina,?9?! ventricular aneurysm???? 
or left main coronary artery disease,?*?? the effect of 
surgical treatment on longevity exceeds that of medical 
management. In fact, for elective revascularization 
alone, the 5 year actuarial survival rate is similar to 
survival curves for the normal population matched for 
age and sex.?6-40 

In the preliminary VA study, surgical treatment did 
not extend life in comparison with medical therapy. For 
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many other centers experienced in myocardial revas- 
cularization the record is entirely different. The recert 
criticism may be more aptly directed toward improving 
the quality of coronary bypass surgery tound in rar- 
domized or nonrandomized studies. ‘The track recor- 
of participating institutions should be thoroughly ir - 
vestigated in advance to avoid the embarrassment c7 
wide discrepancies in results. Publication of mortality 
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statistics and other pertinent information from each 
center will add credibility to a pooled study. Statistics 
and data retrieval can be as sophisticated as one wishes, 
but the surgical treatment under evaluation must be of 
high quality or comparisons are valueless. 
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For the participants in the 
Veterans Administration Cooperative Study 


Loop and his associates at the Cleveland Clinic! have 
chosen to interpret the recently published preliminary 
results of the Veterans Administration Cooperative 
Study as an attack on coronary surgery in the United 
States. Such an interpretation is incorrect. The pub- 
lished data refer primarily to survival.2-9 The findings 
are clearly identified as preliminary; a definitive report 
will not be made until all surviving patients have been 
followed up for a minimum of 5 years. The reported 
survival data are essentially similar to data from three 
other controlled studies employing a similar protocol?-? 
and one large scale data bank study.!? The results are 
also similar to those of two randomized studies of un- 
stable angina!!-!? and one data bank study.!4 Reports 
from the Cooperative Study concerning relief of angina, 
changes in exercise performance and other aspects of 
the "quality of life" are currently being prepared for 
publication. 


Areas of Agreement 


The Cleveland Clinic group has made outstanding 
advances in the field of coronary surgery, and their 
publications attest to these contributions. On many 
points we are in complete agreement with Loop and his 
associates. These points may be summarized as fol- 
lows: 

1. The VA Study was limited to male patients with 
stable angina, and there were many exclusions in the 
protocol. 'The entry criteria and reasons for exclusion 
from the Study have been listed in reports from the VA 
Study.?-5 

2. The VA medical control group had a higher sur- 
vival rate than that reported from other centers. The 
Cleveland Clinic medical control group of 469 patients 
had a 4 year survival rate of 72 percent compared with 
the 83 percent survival rate in the VA Study. In patients 
with three vessel disease the Cleveland Clinie group 
reported a medical survival rate of 58 percent compared 
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with a 76 percent survival rate in the VA Study.!5.!6 
Loop et al.! admit that the medical control group re- 
ported by the Cleveland Clinic is not a suitable group 
for a comparison of surgical results when they state, “In 
these latter studies eligibility for coronary surgery was 
not considered." A recent study!” has shown that 
medical patients who are eligible for surgery have a 
substantially better survival rate than those who are not 
eligible. Unfortunately, results in surgically treated 
patients have been compared with results in inappro- 
priate medical control patients in several studies, in- 
cluding one recently published by the Cleveland Clinic 
group.16./5 These reports have promoted the unproved 
concept that surgery prolongs survival in most 
subgroups of patients with angina. 

3. Surgery has improved over the past 10 years, and 
coronary bypass surgery today can be performed with 
a very low mortality rate. Data from the Cleveland 
Clinic and other centers support this view. Although 
part of the decrease in operative mortality is related to 
improvement in surgical methods, an important factor 
is improved patient selection, as Conley et al.!? have 
pointed out. 

4. Surgery prolongs survival in symptomatic patients 
with left main coronary artery disease.? We agree, al- 
though some workers do not.?? Improved surgical sur- 
vival has also been reported from nonrandomized 
studies in other subsets of patients, including those with 
three vessel disease with abnormal left ventricular 
function,'? total occlusion of the right coronary artery 
and subtotal occlusion (more than 70 percent narrow- 
ing) of the left anterior descending coronary artery?! or 
two vessel disease with severe left ventricular dys- 
function.?? 

5. Survival is excellent after coronary bypass sur- 
gery. The survival rates of the surgically treated pa- 
tients at the Cleveland Clinic are similar to the excellent 
survival rates of the surgically treated patients in the 
VA Cooperative Study.*? For example, the Cleveland 
Clinic in 1975/9416 reported on 741 patients who had 
coronary bypass surgery from 1967 to 1970. Surgical 
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TABLE | 


Comparison of 4 Year Survival Data in Surgically Treated 
Patients (Cleveland Clinic versus VA Study) 


Survivors Cleveland Clinic VA Study 
Total 88% 86% 
With 1 vessel disease 92.8% 98% 
With 2 vessel disease 89.4% 83% 
With 3 vessel disease 86.4% 89% 


skill was excellent in view of an operative mortality rate 
of 3.0 percent, a perioperative infarction incidence rate 
of 7.2 percent and graft patency in 84 percent of pa- 
tients. Comparative 4 year survival data for the Cleve- 
land Clinic patients and surgically treated patients in 
the VA Cooperative Study? are shown in Table I. 


Areas of Disagreement 


The five points listed represent substantial areas of 
agreement. What, then, are the areas of disagreement? 
It is evident that a major area of disagreement is failure 
of the VA Cooperative Study to show that surgery im- 
proved survival in any subgroup of patients except those 
with left main coronary artery disease. 

Critics of the VA Study suggest that the failure to 
show improved survival in other subgroups is due to 
three factors: (1) The VA Study population had mild 
coronary disease and were not representative of patients 
being operated on in large private and academic surgical 
centers; (2) some patients randomized to medical 
therapy had surgery; (3) the surgery in the VA Study 
was inadequate. These points deserve comment: 

Severity of coronary artery disease: Severe coro- 
nary disease is characterized by a low prevalence rate 
of single vessel disease and a high prevalence rate of 
three vessel disease, left main coronary artery disease, 
abnormal left ventricular function and electrocardio- 
graphic evidence of prior infarction. Clinical and angi- 
ographic features of patients operated on by the 
Cleveland Clinic group!®:!© and by the groups at Bay- 
lor,23 at Duke!9.1? and in the VA Study? are shown in 
Table II. 

These data do not indicate that patients in the VA 
Study had mild coronary disease. The characteristics 


TABLE Il 








of the surgically treated patients in the VA Study are 
very similar to those of the patients operated on at the 
Duke Medical Center during the same time period. The 
data also indicate that VA Study patients had more 
severe coronary disease than the patients reported on 
by the Cleveland Clinic and the Baylor groups. VA 
Study patients are therefore similar to patients operated 
on in large surgical centers in this country except for the 
presence of more severe coronary disease. 

Crossover from medical to surgical treatment: 
Loop et al. and others have suggested that the presence 
of patients in the VA medical group who “crossed over" 
to surgical treatment may have resulted in better sur- 
vival rates in the medical group and poorer survival 
rates in the surgical group. They suggest that if these 
patients had not been operated on, the medical group 
would have shown a lower survival rate. This is a valid 
criticism and should be examined. 

The crossover patients did not exhibit more extensive 
disease or more adverse risk factors on entry than the 
other patients in the Study. Four year cumulative sur- 
vival rates computed by four conceptually different 
methods of analysis give the results shown in Table 
III: 

In Method 1, survival data of the medical group in- 
clude data from the 41 patients who underwent surgery, 
and survival data of the surgical group include those of 
18 patients whose operation was canceled. In Method 
2, survival data of the medical group include those of all 
patients who did not have surgery (medical adherers 
and surgical nonadherers) and those of the surgical 
group include data from all those who had surgery 
(medical nonadherers and surgical adherers). In Method 
3, survival data of the medical group include those of all 
medically randomized patients (the 41 medical 
nonadherers were followed up until the day before op- 
eration). Method 4 includes survival data for the 269 
medical adherers and for the 267 surgical adherers. The 
lack of any significant difference in the results obtained 
with the four methods does not support the suggestion 
that the VA survival results are biased by the medical 
crossover patients. 

Critics often assume that a crossover from medical 
to surgical treatment results primarily from increased 
severity of symptoms or development of unstable an- 


Clinical and Angiographic Features of Patients Undergoing Bypass Surgery in VA Study and Three Major Centers 


Cleveland 5.16 


Time period 1967-1970 
Patients (no.) 741 
Age (mean) 50 
Coronary artery disease 
Single vessel 56% 
Three vessel 9.3% 
Left main 9.8% 
Abnormal LV function! 4196 
Prior infarction (ECG) 27 96 
Operative mortality 3.0 96 


* Of 332 assigned to surgery, 312 patients were operated on. 


Baylor?? Duke 0.19 VAS 
1972-1973 1969-1976 1972-1974 
1108 787 332° 
50 50 50 
18% 19% 14% 
38% 50% 52% 
7.5% 12% 14% 
2896 5296 7896 
39 96 5196 4196 
4.196 5.496 5.696» 


* Abnormal left ventricular function is not clearly defined in the reports from the Cleveland and Baylor groups. The definition of abnormal left 


ventricular function in the VA Study has been published.? 
ECG = electrocardiogram; LV = left ventricular. 
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gina. This poses the question: Do severe symptoms in- 
dicate a poor prognosis? This question has been eval- 
uated recently, and no relation was found between the 
severity of symptoms in patients with stable angina and 
the extent of coronary artery disease, left ventricular 
function or survival.?*^ Does surgery improve survival 
in patients with unstable angina? Two randomized 
studies and one data bank study have not shown that 
survival is improved in unstable angina by surgical 
treatment.!1-1^ Medical crossovers in the VA Study 
occurred for three reasons: (1) left main coronary dis- 
ease, (2) increasingly severe symptoms with unstable 
angina in some of these patients, and (3) other factors 
not related to the presence of left main coronary disease 
or increasing symptoms. For these reasons we believe 
that the low medical crossover incidence rate in the VA 
Study has thus far not significantly affected the con- 
clusions that can be derived from the Study. 

Adequacy of surgical treatment: Was the surgery 
performed in the VA Cooperative Study inadequate? 
The operative mortality rate of 5 percent (vein bypass 
graft surgery only), the graft patency rate of 71 percent, 
with 89 percent of patients having at least one patent 
graft, and the number of grafts per patient (2.0) com- 
pares favorably with the surgical experience of many 
large surgical centers in the United States during 1972 
to 1974. This was acknowledged in a paper from the 
Cleveland Clinic published in 1975!5 in which eight 
references were cited to support the statement that the 
operative mortality rate from other centers ranges from 
3.4 to 7 percent. A more detailed comparison of the VA 
surgical experience with that of other surgical centers 
appears in the paper by Read et al.5 

Another method of evaluating the adequacy of sur- 
gery is to examine the effect on symptoms and survival. 
In the VA Study 1 year after surgery 59 percent of pa- 
tients had substantial relief or disappearance of angina 
and the condition of only 1 percent was worse. These 
results are comparable with those reported by many 
other workers.7:1925.26 The survival of the surgically 
treated patients in the VA Study (Table I) was similar 
to that of the patients treated surgically at the Cleve- 
land Clinic.!?!6 If the VA surgery was inadequate one 
would expect to see a poorer survival rate in this group, 
especially considering that the VA patients had more 
severe coronary disease than the Cleveland Clinic pa- 
tients. This was not the case. For these reasons, we be- 
lieve that the surgery performed in the VA Cooperative 
Study is acceptable in regard to surgical standards of 
the 1972 to 1974 era and to the effect on symptoms and 
survival. Would improved surgical results have changed 
the VA survival data? This is an important question and 
deserves comment. Only a partial answer is possible. In 
10 of the VA Study hospitals that contributed 80 per- 
cent of the patients to the Study, the operative mortality 
rate was 3.4 percent and the graft patency incidence rate 
71 percent. Survival results from these 10 hospitals re- 
vealed no substantial difference from those of the total 
group. 

Surgical results have improved since 1972 partly be- 
cause of improved methods but probably also because 
of better patient selection.!? Current surgical results in 
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TABLE Ill 


Four Year Cumulative Survival Rates in VA Study 
Computed With Four Methods of Analysis 


Medical Surgical 
Group* Group* 
no. 96 SE no. % SE 
1. Original treatment 310 84+2 286 85+2 
allocation regard- 
less of subse- 
quent changes 
2. Treatment received 287 84+2 308 86822 
3. Original treatment 310 8622 28 8622 
allocation with 
crossovers counted 
as lost at time of 
treatment change 
4. Adherers to treatment 269 8522 267 86:2 


* Patients without left main coronary lesions randomized in 1972 
to 1974. The analysis is based on data of October 1977. 
SE = standard error. 


patients with coronary artery disease cannot be com- 
pared with the results of medical treatment employed 
from 1972 to 1974 because methods of medical treat- 
ment have also improved. There is now a greater use of 
propranolol, long-acting nitrates and antiarrhythmic 
drugs. There is increased emphasis on early hospitali- 
zation for symptoms of unstable angina, arrhythmias 
and left ventricular failure. There is a wider use of car- 
diopulmonary resuscitation by nonphysicians. Im- 
provement has occurred in the treatment of serious 
arrhythmias, congestive failure and cardiogenic shock. 
In addition, there continues to be a decline in the death 
rate due to coronary artery disease in this country.2” 
Thus, modern surgical methods must be compared only 
with modern medical methods of treatment of coronary 
artery disease. 

Second reading of angiograms: The reference by 
Loop et al.! to the second reading of all angiograms in 
the Study makes an erroneous assumption. They mis- 
interpreted the purpose and use of the second readings. 
Randomization was based solely on the initial angio- 
graphic interpretation. The second reading data were 
used for quality control and for additional data not 
obtained in the first reading. 

Drugs: Loop et al. have estimated that only 39 per- 
cent of the medically managed patients were taking 
propranolol and they imply that this was not adequate 
medical treatment. The facts are as follows: In the 
medical treatment group 68 percent of patients were 
taking propranolol (mean dose 121 mg/day), 58 percent 
were using long-acting nitrates, 87 percent short-acting 
nitrates and 37 percent digitalis or diuretic agents. 

Costs: Loop et al. are properly concerned about the 
impact of coronary surgery on the cost of medical care 
in the United States. It has been estimated that 325 
coronary bypass operations were performed per million 
population in the United States in 1976.28 This rate 
should be compared with the estimates per million for 
Australia (104), Scotland (92), England (20) and Sweden 
(19).?728 The advocacy of an expensive operation before 
its clinical effect has clearly been demonstrated can lead 
to a great waste of lives and valuable health care dollars. 
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For example, thousands of internal mammary ligations 
and internal mammary implantations were performed 
in the 1960's before controlled studies demonstrated 
that these operations did not decrease angina or prolong 
life.29-31 

Effect on longevity: Loop et al. finally conclude that 
in five groups of patients with coronary disease “the 
effect of surgery upon longevity exceeds that of medical 
management." In one subgroup, that is, patients with 
left main coronary artery disease, we are in agreement 
on the basis of VA Cooperative Study data referred to 
by Loop et al.? In the other four subgroups no evidence 
of improved longevity was clearly demonstrated in eight 
appropriate controlled studies.7!* Statements that 
longevity is improved by coronary bypass surgery 
should not be made until clear scientific evidence is 
available from properly conducted studies. If coronary 
surgery is performed without regard to symptoms and 
solely to improve survival there will be a significant 


increase in the number of coronary arteriograms and 
operations performed annually in this country. The 
increased cost to the American public will be significant 
and may be intolerable. 

It is possible that further follow-up and analysis of 
the VA Cooperative Study data will reveal additional 
subgroups of patients in whom survival is prolonged by 
surgery. In patients with three vessel disease and poor 
left ventricular function 4 year follow-up data suggest 
a possible favorable effect of surgery.? However, im- 
provement in survival alone must be balanced against 
the complications and limitations of coronary arterial 
surgery that have been well presented in a recent re- 
view?” and monograph.?? 

In 1980 when the final 5 year follow-up study of all 
patients in the 1972-74 VA Study cohort will have been 
completed and evaluated, a more complete answer to 
many of the questions raised by the Study should be 
available. 
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During the past decade coronary arterial bypass grafting 
has become one of the most common of all elective op- 
erations. The purpose of the randomized prospective 
Veterans Administration Cooperative Study, which has 
received so much attention, and of other similar pro- 
spective clinical trials is to determine the efficacy of this 
procedure in relation to survival. In this issue of the 
Journal, Loop and associates! criticize the preliminary 
report of the VA trial and its accompanying editorial, 
both published in the New England Journal of Medi- 
cine.2? If objective, sober analysis of a method of 
treatment is interpreted as placing it “under fire,” as 
asserted by Loop et al., then there is a real danger of a 
polarization of views that may inhibit rational discourse 
and clarification of the important issues involved. 

In large measure, the remarks of Loop et al. attack a 
straw man. Neither the preliminary VA report nor my 
editorial states or implies that angina that is uncon- 
trolled by vigorous medical therapy is not a strong in- 
dication for operation, nor does either suggest that the 
quality of life cannot be improved by the procedure. 
Even casual reading of my editorial will reveal three 
separate instances in a short (2 1/2 page) article em- 
phasizing the effectiveness of the procedure in im- 
proving the quality of life by relieving anginal pain. 

Quality of surgery and design of study: It is self- 
evident that the efficacy of surgery in prolonging life 
and relieving pain depends on the skill of the surgical 
team. A recent article by Read et al.* (unfortunately not 
quoted by Loop et al.) shows that the results of surgical 
treatment in the VA study are quite comparable with 
those of many other surgical groups. Indeed, a great deal 
of coronary bypass surgery performed in this country 
is inferior to that carried out by the VA. For example, 
Richter et al.? reported that in a group of community 
hospitals the average mortality rate after bypass surgery 
was 8.7 percent. Loop et al. did not cite these data or 


From the Cardiovascular Division, Department of Medicine, Peter Bent 
Brigham Hospital, Boston, Massachusetts. 
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Department of Medicine, Peter Bent Brigham Hospital, Boston, Mas- 
sachusetts 02115. 


data from four other prospective randomized stud- 
ies ——two each in patients with stable and unstable an- 
gina—that do not indicate that coronary bypass surgery 
prolongs life, except in patients with disease of the left 
main coronary artery.9-!? Some of these trials were 
carried out in this country's leading cardiac surgical 
centers. 

Obviously, the validity and power of the conclusions 
of any study are only as great as the quality of the ex- 
perimental design and the reliability of the data. The 
results of the VA trial are clearly not applicable to those 
institutions with results—in relation to mortality, 
perioperative infarction rate, graft patency and fraction 
of diseased vessels bypassed—that differ substantially 
from those in the VA study. I would expect, although it 
has not yet been convincingly demonstrated, that the 
long-term results of surgical treatment will be superior 
in institutions in which the quality of surgical treatment 
is distinctly better than it was in the VA study. 

My editorial concluded that the preliminary results 
of the VA study are important and that the results of 
long-term follow-up of these patients and of those in 
other randomized trials of coronary bypass grafting will 
be awaited with intense interest. Surely, even the most 
casual student of medical history will acknowledge the 
frequency of noncritical, overenthusiastic acceptance 
of newly developed modes of therapy, whether medical 
or surgical. It has then taken many years, thousands of 
patients and enormous resources to place the particular 
drug or procedure into proper perspective. I believe that 
no greater disservice can be done to a new mode of 
treatment than to inhibit its critical, dispassionate 
evaluation before it becomes deeply rooted in everyday 
practice. 

Need for randomized clinical trial: Some years 
ago, when the potential importance of coronary bypass 
surgery first became evident, I called for a randomized 
prospective clinical trial of the procedure.!! Unfortu- 
nately, such a definitive trial has not yet been completed 
and, as a consequence, the most comprehensive study 
of the results of the operation to date, recently prepared 
by McIntosh and Garcia,'? still reports many uncer- 
tainties. These authors concluded that “despite a low 


* Editorials published by the Journal reflect the views of the authors and do not necessarily 
represent the views of the Journal or of the American College of Cardiology. 
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operative mortality and rate of graft closure, available 
data in the literature do not indicate that initial 
symptomatic improvement necessarily persists, or that 
myocardial infarctions, arrhythmias, or congestive heart 
failure will be prevented, or that life will be prolonged 
in the vast majority of operated patients." The infor- 
mation presented by McIntosh and Garcia, taken as a 
whole, strengthens my conviction that it is unlikely that 
we will establish the efficacy of the bypass operation 
without the aid of proper randomized trials. 

In commenting on the economic impact of the oper- 
ation, Loop et al. neglected to mention the paper by 
Barnes et al.!? from the University of Alabama, which 
showed no improvement in the number of hours that 
patients worked after coronary bypass grafting. Of 
course, the costs of medical therapy are substantial, and 
repeated hospitalizations add to the expense. However, 
there is no convincing evidence that surgical treatment 
reduces the number of hospitalizations for coronary 
artery disease. The question of the cost of treatment of 
an illness as life-threatening and as debilitating as 
coronary artery disease pales in importance next to the 
question of its efficacy. Insofar as the relief of angina is 
concerned, the operation is clearly effective in the ma- 
jority of instances. The critical question is whether the 
operation prolongs life and this question has not yet 
been settled, save for patients with obstructive disease 
involving the left main coronary artery. 

Neither dogmatic assertions nor screams of outrage 
will take the place of the firm data required to assess the 
efficacy of coronary bypass surgery. The VA Coopera- 
tive study, although certainly not perfect and not pur- 
porting to be the last word on the subject, is at least a 
step in the direction of rationally attempting to compare 
the results of two methods of management of chronic 
stable angina pectoris. One hopes that those who are so 


dissatisfied with the quality of this trial will carry out 
their own investigation of this critically important 
problem. 

Need for both medical and surgical treatment: 
I agree with Loop et al. that the modern treatment of 
patients with coronary artery disease requires the in- 
telligent application of both medical and surgical ap- 
proaches. These should be used in a complementary, not 
competitive manner. Furthermore, the highest possible 
standards of care should be established and adherence 
to them should be insisted on for all patients, not merely 
those cared for in referral centers. 

It is not in the best interests of our patients, the public 
or the medical profession to develop adversary positions 
between medical and surgical methods of treatment of 
coronary artery disease. Clearly, coronary bypass 
grafting is a major step forward in the treatment of 
coronary artery disease. However, far more information 
is needed before the operation can be accepted as the 
panacea it has been proclaimed to be by its more en- 
thusiastic proponents. Although the many patients with 
this disease and their physicians must acknowledge 
their gratitude to the surgeons responsible for the de- 
velopment and perfection of coronary bypass grafting, 
our current lack of knowledge concerning the efficacy 
of the procedure, despite more than a decade's experi- 
ence with more than 300,000 patients, is not one of 
which we should be proud. Our present dilemma may 
teach those who develop major new therapeutic tech- 
niques in the future to insist on their careful, objective 
assessment, by prospective randomized trials when 
necessary. These should be carried out after pilot 
studies have established the feasibility of the thera- 
peutic maneuver but before the pressures become in- 
escapable to apply it widely in clinical practice—that 
is, before the genie escapes from the bottle.!! 
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CALENDAR OF EXTRAMURAL PROGRAMS 





The aim of each program is to increase the 
theoretical and practical knowledge of the 
normal and abnormal function of the cardio- 
vascular system in man. Most of the programs 
are pertinent to direct care of patients with 
heart disease. The need for such programs 
increases with the ever increasing amount of 
scientific and clinical data, the constant 
changes in technology and methodology, and 
the greater availability of therapeutic options. 
Today most cardiologists, internists and family 
practitioners feel the need of supplementing 
their professional reading by direct contact 
with the authors, research workers and leaders 
in the field. 

To solve these problems the Committee 
selects each year series of carefully super- 


vised programs which are usually preceded by 
extensive consultations with the program di- 
rectors recruited among the foremost spe- 
cialists, educators and scientists in the field of 
clinical cardiology and allied basic science 
disciplines. 

Although each program director is person- 
ally responsible for the choice of faculty, and 
the structure of the program, the National 
Committee of Continuing Education assumes 
the overall responsibility for the caliber of the 
postgraduate education and the relevance to 
the practice of cardiology. This is accom- 
plished by the processes of meticulous scru- 
tiny of the objectives, analysis of the educa- 
tional methods, and studying the impact of 
each course on the knowledge and attitudes 


of the participants. 

These programs should help each physician 
to keep up with the new knowledge, to put into 
practice the new advances and to retract 
gracefully from the obsolete and useless 
practices. An effective practitioner must learn 
and relearn, listen to new ideas, share past 
experiences and observe the work of his 
peers. The National Program Committee for 
Continuing Medical Education of the American 
College of Cardiology believes that these goals 
can be accomplished by all members and 
nonmember professionals participating in our 
continuing education programs. 

Borys Surawicz, MD, FACC, Chairman 
National Program Committee 


Programs and faculty are subject to change. For further information write Mary Anne Mclnerny, Director, Extramural Programs Department, Division 
of Continuing Education, American College of Cardiology, Heart House, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 





JULY 1978 THROUGH OCTOBER 1978 





Tobe  PPreceptorships in Cardiology. Ar- 
arranged thur Selzer, FACC, director, Pacific 
individ- Medical Center, San Francisco, 
ually CA 


AUG. Tutorials in the Tetons: Cardiac 

26-28 Emergencies (Fourth Annual). 
Robert S. Eliot, FACC, director and 
Alan D. Forker, FACC, William P. 
Nelson, FACC and Gerald L. Wolf, 
co-directors. Jackson Lake Lodge, 
Moran, WY 


SEPT. The Clinical Pharmacology of 
7-9 Cardiovascular Drugs. William B. 
Abrams, FACC, Albert N. Brest, 
FACC, Richard O. Davies, FACC 
and Roger F. Ferguson, co-direc- 
tors. Marriott Motor Hotel, Phila- 


delphia, PA 
SEPT.  Electrocardiography: Core Cur- 
11-14  riculum and Self-Assessment. Paul 


L. McHenry, FACC, director and 
Charles Fisch, FACC, co-director. 
Myers Auditorium, Wishard Memo- 
rial Hospital, Indiana University 
Medical Center, Indianapolis, IN 


SEPT.  Electrocardiography: Core Cur- 

11-14  riculum and Self-Assessment. Ar- 
thur Selzer, FACC, director. Golden 
Gateway Holiday Inn, San Francis- 
co, CA 

SEPT. Advanced Echocardiography. 

27-29 Harvey Feigenbaum, FACC, direc- 


tor and Betty C. Corya, James C. 
Dillon, FACC and Arthur E. Wey- 
man, FACC, co-directors. India- 
napolis Hilton Hotel, Indianapolis, 
IN 


OCT. Cardiology Update— 1978. Wil- 
12-14 liam W. Parmley, FACC and Kanu 
Chatterjee, FACC, directors. Del 
Monte Hyatt House, Monterey, CA 


OCT. Geriatric Cardiology. Physiologic 

13-14 vs. Pathologic Aging of the Car- 
diovascular System: Clinical Ap- 
plications and Therapeutic Con- 
siderations. Borys Surawicz, FACC 
and Raymond Harris, FACC, direc- 
tors. Hyatt Regency Lexington, 
Lexington, KY 


OCT. Cardiac Pacing. Doris J. W. Escher, 


18-20 FACC and Seymour Furman, FACC, 
directors. Waldorf-Astoria Hotel, 
New York, NY 

OCT. Valvular Disease—Practical Di- 

19-21 agnosis and Management. Peter C. 


Gazes, FACC, director and Charles 
P. Summerall Ill, FACC, Grady H. 
Hendrix, FACC, William H. Barnwell 
Il, FACC, Bruce W. Usher, FACC, J. 
Lindsay Leviner, Jr. and Robert G. 
Irvin, co-directors. Kiawah Island 
Inn, Kiawah Island, Charleston, 
SC 
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LEARNING CENTER: PROGRAM CALENDA 











The American College of Cardiology's newest department, the Learning, a new standard of excellence in cardiovascular continuing education. 
Center, located at the College's Bethesda, Maryland headquarters, For additional information concerning the programs listed below or for 
began operations last October with the offering of its first continuing a complete schedule of programs through December 1978, contact 
medical education program for physicians with a specialty or an interest Program Coordinator, Learning Center, American College of Cardiology, 
in cardiovascular medicine. The purpose of the Learning Center is to 9111 Old Georgetown Road, Bethesda, Maryland 20014 (301) 897- 
support the professional commitment to quality patient care by providing 5400. 
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AUGUST THROUGH DECEMBER 1978 
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Month/Dates 
August 7-10 


September 25-27 


October 4-6 

October 19-21 
October 23-25 
November 6-8 
December 4-6 


December 11-13 


Course Director 


R. Joe Noble, MD, FACC 


Kenneth M. Rosen, MD, FACC 


Charles E. Rackley, MD, FACC 
Pravin M. Shah, MD, FACC 
Douglas P. Zipes, MD, FACC 
Ralph Shabetai, MD, FACC 
Borys Surawicz, MD, FACC 


Victor Parsonnet, MD, FACC 


Title of Program 
Update in Cardiology 


Evaluation of Arrhythmias with His Bundle Recording and Cardiac Stimula- 
tion 


Clinical Evaluation and Treatment of Coronary Artery Disease 

Adult Echocardiography: Clinical Applications-M-Mode vs 2-Dimensional 
The Ubiquitous PVC: Sorting Out the Dilemma 

Management of Pericardial and Myocardial Disease 

Interpretation of ECGs 


Current Concepts in Pacing: An Individualized Seminar Approach 


28th ANNUAL SCIENTIFIC SESSION 
AMERICAN COLLEGE OF CARDIOLOGY. 


MARCH 11-15, 1979 


MIAMI BEACH, FLORIDA 
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AMERICAN COLLEGE OF CARDIOLOGY 


Announces ... 
AFFILIATE IN TRAINING MEMBERSHIP 
For Physicians in Cardiovascular Related Training Programs 


Candidates for this membership category must be current full-time trainees in a recognized 
cardiovascular (adult, pediatric, surgical) related program in fulfillment of requirements for ad- 
mission to a subspecialty board examination which holds membership in the American Board 
of Medical Specialties. Upon completion of training and in order to maintain an affiliation with 
the College, the members are encouraged to apply to the Credentials Committee for status in 
one of the other three membership categories. 


The application for Affiliate in Training must be signed by the Director of the applicant's training 
program and two sponsors, both of whom must be Fellows of the College. One of the sponsors 
may be the Director of the training program, provided he is a Fellow of the College. The annual 
dues for an Affiliate in Training are $25.00. 

Advantages to the Affiliate (in Cardiovascular Related Training) 
1. Subscription to The American Journal of Cardiology, the official journal of the College. 


2. Reduced fees for all educational programs of the College. 


3. Preference for enrollment in programs sponsored by the College with a limited registra- 
tion. 


4. Receipt of the quarterly publication, Cardiology, the newsletter of the College. 


5. Participation in all affairs of the College as a member rather than as a guest of the Col- 
lege. 


Those desiring an application form should write to Ms. Margaret E. Coffey, Director, Mem- 
bership Department, American College of Cardiology, 9111 Old Georgetown Road, Bethesda, 
Maryland 20014. 
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INSTRUCTIONS FOR AUTHORS 


The editors of THE AMERICAN JOURNAL OF CARDIOLOGY welcome con- 
cise articles devoted to cardiovascular disease. Articles must be contrib- 
uted solely to THE AMERICAN JOURNAL OF CARDIOLOGY and become the 
property of the Pubiisher. The Publisher reserves copyright and renewal on 
all published material, and such material may not be reproduced in any form 
without the written permission of the Publisher. Statements in articles are 
the responsibility of the authors. Authors will assist the editors in the prompt 
processing of manuscripts if these instructions are followed: 


THE WHOLE PAPER 


e Address manuscript to Managing Edi- 
tor, American Journal of Cardiology, 
666 Fifth Ave., New York, NY 10019. 

e Submit two copies of all elements of 
the article: text, references, legends, ta- 
bles and figures. 

* Arrange the paper in this order: (1) 
title page; (2) abstract; (3) text; (4) ref- 
erences; (5) legends; (6) tables; and (7) 
figures. 

e Number all pages in above se- 
quence, beginning with title page as 1, 
abstract as 2, etc. 

e Type all matter: (1) on 8'5 X 11 
opaque white bond paper; (2) in dupli- 
cate; (3) on one side of each sheet only; 
(4) double-space; (5) leave wide mar- 
gins, all four sides. 


THE TITLE PAGE 


e Include first names, degrees and, 
where applicable, FACC for all authors. 
e Provide a short running title of 3 to 6 
words. 

e Insert at bottom: name and address 
of institution from which work originated 
plus information about grants. 

e Add at bottom the phrase "Address 
for reprints: ...'' followed by full name 
and address with zip code. 


THE ABSTRACT 


* Limit words as follows: 100 to 250 
words for major articles; 50 to 100 
words for case reports. 

e Add at end of abstract: list of 2 to 6 
key words and subjects for indexing. 


THE TEXT 


e Type in duplicate; double-space. 

e Do not use abbreviations such as 
SVC, WPW: write out; superior vena 
cava, Wolff-Parkinson-White. 

e Abbreviate measurements (mm, kcal 
and the like) as recommended in the 
Style Manual for Biological Journals, 
American Institute of Biological Sci- 
ences, 3900 Wisconsin Avenue, N.W., 
Washington, D. C. 

e Cite in numerical order- every refer- 
ence, figure and table. (Order of men- 


tion in text determines the number given 
to each.) 

e Place acknowledgments at end of 
text, before references. 


THE REFERENCES 


e Type in duplicate; double-space. 

e Number the references in order in 
which they are mentioned in text. 

e Provide concluding page numbers for 
all journal references and specific page 
numbers for all book references. Indi- 
cate all abstracts by the abbreviation 
(abstr). 

e Follow the general arrangement, ab- 
breviations | and punctuation styles 
shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 

e Number pages in sequence after last 
page of references. 

e Identify at the end of each legend and 
in alphabetical orcer all abbreviations in 
the figure described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 


e Give each table a number (in roman 
numerals; Table |, Il, etc.) and a title. 
Number the tables in order in which 
they are mentioned in the text. 

e Provide a footnote to each table— 
identifying in alphabetical order all ab- 
breviations used. 


THE FIGURES 


e Submit 2 glossy prints (not originals) 
of each photo and drawing. 

* Please note that art work of pub- 
lished articles will not be returned. 

* Use black ink for all charts (line 
drawings). Make decimals, broken lines, 
etc. strong enough for reproduction. 

* Use arrows to designate special fea- 
tures. 

e Crop photomicrographs to show only 
essential field. 

e Identify figures on back by number 
and author's name. 

e Number figures in order in which they 
are mentioned in the text. 

e Indicate top of each figure. 

e Submit written permission from pub- 
lisher and author to reproduce any pre- 
viously published figures. 

e Limit figures to number necessary for 
clarity. The publisher allows a limited 
sum toward reproduction. 


Examples of Styles of References 


For periodicals, fellow INDEX MEDICUS, listing a// Authors: 


31. Vismara LA, Vera Z, Miller RR, Mason DT: Efficacy of disopyramide phosphate in the 
treatment of refractory ventriculartachycardia. Am J Cardiol 39:1027- 1034, 1977 


(Author: please note that no periods are used after authors’ initials.) 


For books (edited by other than author of article): 


28. Schiebler GL, Van Mierop LHS, Krovetz LJ: Diseases of the tricuspid valve, chap 20. 
In, Heart Disease in Infants, Children and Adolescents (Moss AJ, Adams F, ed). 
Baltimore, Williams & Wilkins, 1968, p 134 


For books (with identical author and editor): 


36. Berne E: Principles of Group Treatment. New York, Oxford University Press, 1966, p 


26 


(Author: all book references should have specific page numbers) 
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Sir Isaac Newton's gift was the rare ability 
to question, to envision, and to apply. .. 


That same special ability has brought Intermedics 


LO the roretront ol pacemaker tec] Mar i WY. 





Introducing the OyberL ith. 


A landmark innovation 


from [ntermedics. 





Sir Isaac Newton' introduction of the concept of 
gravity immensely enriched man's understanding — 
and control —of his world. Similarly, the CyberLith 
pulse generator gives you, the physician, unprece- 
dented control of pacemaker therapy for the individual 
patient. With the CyberLith, pacemaker functions can 
be adjusted precisely and titrated to an exact prescrip- 
tion for each patient. 


The CyberLith offers: 

e [5 pacing rates 

e 15 pulse widths 

e 7 sensitivity levels 

e 3 operating modes plus 
advanced telemetric circuitry 
for detailed, non-invasive 
performance monitoring. 


Maximum responsiveness to varying 
patient needs with fifteen pacing rates. 
The CyberLith pulse generator can be programmed to 
a pacing rate appropriate to virtually any pacemaker pa- 
tient case. Your patients are individuals with individual 
pulse rate requirements that can and do change with 
time. The CyberLith pacemaker’s fifteen rates, from 30 
o 120 bpm, offer you maximum versatility in meeting 
individual patient needs. 
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A choice of pulse widths from 0.15 to 2.29 msec assures 


effective pacing for each patient. Variations in optimal 
pulse width may occur asa result of the change from 
acute to chronic stimulation threshold levels. Other var- 
iations may be due to myocardial fibrosis, drug therapy 
regimens, or electrode type and position. With the 
CyberLith, battery longevity can be maximized 

through selection of the shortest pulse width needed 

to ensure adequate capture. 
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The OyberLith makes possible precise sensitivity ad- 
justments in response to different clinical situations. For 
example, if Fwaves or other artifacts are being sensed to 
the detriment of proper system functioning, the Cyber- 
Lith pacemaker's sensitivity can be reduced to a more 
desirable level. Conversely, inadequate or inconsistent 
sensing of the QRS complex may be corrected by 
increasing the programmed sensitivity. 
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The CyberLith may be programmed to the mode best 
suited to your patient's condition and environment. You 
may choose among three pacing modes: 

—R-wave inhibited (demand) 

—asynchronous (fixed-rate) 

—R-wave synchronous (demand) 
Thus the CyberLith may be reprogrammed in response 
to indications for a different pacing mode, without the 
need for surgical intervention. 
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The CyberLith pacemaker’s exclusive telemetry feature 
permits you to ascertain the precise status of the implanted 











Intermedics lnc. 
FREEPORT, TEXAS 


system to a degree never before possible. 





battery voltage 

— battery impedance 

—electrode lead impedance 

— exact timing of sensing and pacing events 
can all be determined simply, for detailed evaluation 
of pacer operations. In addition, CyberLith telemetry 
makes possible more accurate estimation of the remain- 
ing service life of the unit. 
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The Cy y:berLith indi a stideiplicity un programming 
features into a remarkably small pulse generator. One 
reason this can be achieved is the use of a custom com- 
plementary metal-oxide-semi-conductor (c-mos) inte- 
grated circuit. This *chip" has been specially developed 
by Intermedics for use in the CyberLith and represents 
state-of-the-art semiconductor technology. The c-mos 
circuitry reduces the total number of components and 
simplifies the design of the CyberL ith. The result is an 
unprecedented range of programmable pacing parame- 
ters with remarkably low power consumption. 
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Advanced dena contents tave been Ii oie cniied 


into the programming system to ensure safe, trouble-free 


operation. 


Intermedics’ custom com 
plementary metal oxide 


semiconduc tor integrates 
circuit magnified approx 
imately 11 times. 
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—The programmer is portable and uses rechargeable 
batteries to prevent unwanted electrical noise and 
other complications common to line-powered 
instruments. 

—Programmable features may be altered individually 
or simultaneously. 

— Accidental reprogramming is virtually impossible, 

thanks to the precise state-of-the-art crystal 

oscillator technology in combination with pulse- 
position-modulated, binary coded data security. 

A unique feature permits immediate reprogram- 

ming to original nominal pacer parameters by de- 

pressing a single button on the programmer panel. 

These characteristics make the CyberLith programming 

system easy to use, and provide an added margin of 

safety for you and your patient. 
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» CyberLith —it's making histor 
Your eren representative can i provide you w ith 
additional information on the many other advantages of 
CyberLith therapeutic pacing, such as amazingly 
compact size, redundant oscillator circuitry and positive 
confirmation of reprogramming. 
At Intermedics, we are producing tomorrow’s technol- 


ogy today, because OUR BUSINESS IS LIFE. 













3) eee ea 


ti TIE ACSM E> Pree Pen ES os Sod OS eS 








The Newton watercolor, by artist Ron Adair, is first in a series 
commissioned by Intermedics. The original work hangs in 
Intermedics’ corporate headquarters. A limited-edition print, 
numbered and signed by the artist and suitable for framing, is 
being made available by Intermedics to physicians only. Please 
write to Marketing Administration, Intermedics, Inc., PO. 
Box 617, Freeport, Texas 77541. 


Note: The CyberLith is currently undergoing clinical evalua- 
tion and is not routinely available on a commercial basis. 


(C) Copyright Intermedics, Inc. 
CyberLith is a trademark of Intermedics, Inc., Freeport, Texas. 
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Qur business is life. 


INDICATIONS FOR USE Implantable cardiac pulse generators 
may be indicated for long-term treatment of impulse formation or 
conduction disorders resulting in symptomatic bradyarrhythmias, 
tachyarrhythmias, and heart block unresponsive to drug therapy. 


PRECAUTIONS Implanted pacemakers have a finite and relatively 
widely variable service life as a result of factors such as the initial capacity 
of the battery and the shelf storage time of the manufactured pacemaker; 
variations in electrode system resistances, stimulation rate, and the per- 
centage of time the implanted pacemaker is inhibited; and random elec- 
tronic component failures. 

Pacemaker operation can be influenced by electric, magnetic, or elec- 
tromagnetic energy mimicking normal cardiac activity. In addition, cer- 
tain environmental sources can couple sufficient energy into a pacemaker 
system to damage the pulse generator. Specifically, diathermy should not 
be used on pacemaker patients because of possible total inhibition of the 
pulse generator; electrocautery can inhibit and/or damage the pacemaker 
as well as cause burns or possible ventricular fibrillation; defibrillation can 
damage the pacemaker, and the presence of the pacemaker may cause in- 
creased cardiac muscle damage from defibrillation. Microwave ovens that 
do not exceed federal guidelines for leakage (0.5 mW /cm? at 2.5 cm from 
the appliance) will not affect the pacemaker, but leakage in excess of that 
amount may cause interference. Certain electrical and gasoline-powered 
appliances can cause inhibition of an implanted cardiac pacemaker 
system. 

For complete precautions, see the Physician’s Manual for the Inter- 
medics cardiac pulse generator to be used. 


CONTRAINDICATIONS AND SIDE EFFECTS There are no 
known contraindications to the use of pacemakers as a medical method 
for control of heart rate. Body rejection phenomena, local tissue 
reaction or skin necrosis, muscle and nerve stimulation, embolism, and 
cardiac tamponade have been reported. 









Brings you up-to-date 
on basic research 
and clinical progress 





This rare treatment of such a multifaceted 
subject provides an unusual opportunity 
for the busy clinician to add to his knowl- 
edge in a minimum amount of time. Any 
area of immediate interest can be rapidly 
located and as much data as needed can 
be quickly extracted. The concentration 
on improved clinical management will be 
appreciated by every internist, cardiol- 
ogist, generalist, and any professionai in- 
volved in cardiovascular medicine. 


Dean Mason, President of the Amer- 
ican College of Cardiology, has or- 
ganized this monograph within the three 
areas relevant to an understanding of 
congestive heart failure: mechanisms, 
evaluation and treatment. Fifty-six recog- 
nized authorities have been assembled 
by Dr. Mason, each contributing their 
expertise to make this book the foremost 
text covering the highly important and 
common disorders of abnormal heart 
function. 


This presentation of recent advances in 
basic research and clinical progress has 
been highly acclaimed for its major con- 
tribution to the improvement of patient 
care. We invite you to see if you don't 
agree. Order and take 30 days to look 
over the book. If you're not totally satis- 
fied, return it. 


Congestive Heart Failure 


Mechanisms, Evaluation and Treatment 
Dean T. Mason, M.D. 
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About the author .. . Dean T. Mason, M.D. 
Professor of Medicine, Professor Physiology, Chief of Cardiovascular Medicine, University of California, 


School of Medicine, Davis 


President, American College of Cardiology President, Western Society for Clinical Research 


Member of the American Board of Internal Medicine Cardiovascular Diseases 


Has authored more than 400 original articles on cardiovascular science and clinical cardiology. 


Serves on the editorial boards of The American Journal of Cardiology, The Journal of Clinical Investiga- 
tion, Circulation, Chest, Clinical Pharmacology and Therapeutics, Catheterization and Cardiovascular 


Diagnosis, and Heart and Lung. 


448 PAGES, 250 ILLUS./1976 


Recipient of Experimental Therapeutics Award in 1973 from the American Society of Pharmacology and 
Experimental Therapeutics, the Research Awards in 1965 from the American Therapeutic Society, and 
the Theodore and Susan B. Cummings Humanitarian Awards in 1972, 1973, and 1975 from the U.S. 
State Department and the American College of Cardiology. 


YORKE MEDICAL BOOKS 666 Fifth Avenue, N.Y., N.Y. 10019 
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Please send me a copy of CONGESTIVE HEART FAILURE 

for 30 days free examination and use. If | decide to keep 
i it, your invoice will be honored ($35.00 plus shipping 

cost). Otherwise, the book will be returned for full credit 

or refund. 

O Full payment enclosed, publisher absorbs shipping 

cost. 

O Send invoice (U.S. and Canada only) 

Countries outside Western Hemisphere: $40.00 prepaid 

in U.S. funds. 

New York State residents add applicable sales tax. 
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Congestive Heart Failure 

Introduction to Recent Advances 
Pathogenesis and Management 
Congestive Heart Failure—D.T. Masc 


|. Mechanisms 


Structural Conditions in the Hyp 
trophied and Failing Heart — H 
Spotnitz and E.H. Sonnenblick 


. Abnormal Biochemistry in Myocarc 


Failure — A. Schwartz, L.A. Sorde 
M.L. Entman, J.C. Allen, Y.S. Red 
M.A. Goldstein, R.J. Luchi and L 
Wyborny. 

Ribonucleic Acid Polymerase a 
Adenyl Cyclase in Cardiac Hypertror 
and Cardiomyopathy — K.G. Nair, 
Umali and J. Potts. 


. Myofibrillar Proteins and the Contrac 


Mechanism in the Normal and Faili 
Heart — J. Wikman-Coffelt, C. Fenn 
A.F. Salel, T. Kamiyama and D 
Mason. 


. Effects of Ischemia on the Contrac 


Processes of Heart Muscle—A.M. Ka 


. Alterations of Cardiac Sympathe 


Neurotransmitter Activity in Congest 
Heart Failure —H.L. Rutenberg and . 
Spann, Jr. 


. Contractile and Energetic Behavior 


Hypertrophied and Failing Myocardi 
— G. Cooper, IV, J.F. Gunning, C 
Harrison and H.N. Coleman, Ill. 


. Regulation of Cardiac Performance 


Clinical Heart Disease: Interactions ! 
tween Contractile State, Mechan 
Abnormalities and Ventricular Comp 
satory Mechanisms — D.T. Mason. 
Peripheral Circulatory Cont 
Mechanisms in Congestive Heart F 
ure — R. Zelis, J. Longhurst, F 
Capone, G. Lee and D.T. Mason. 
Function of the Hypoxic Myocardi: 
Experimental and Clinical Aspects 
E.A. Amsterdam. 

Nature and Significance of Alteration 
Myocardial Compliance — J.W. Cov 
Renal Function and Edema Formatio 
Congestive Heart Failure — M.J. T 
kon, S.M. Rosen and D.T. Mason. 
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Physical Findings in Heart Failure | 
Their Physiologic Basis — F 
O'Rourke and M.H. Crawford. 
Echographic Evaluation of Car 
Function — A.N. DeMaria, / 
Neumann and D.T. Mason. 
Cardiac Catheterization in the Clir 
Assessment of Heart Disease and \ 
tricular Performance—D.T. Mason, f 
Miller, D.S. Berman, L.A. Vismara, [ 
Williams, A.F. Sa!el, A.N. DeMaria, t 
Bogren, G.L. DeNardo and E.A. A 
terdam. 

Catheterization Evaluation of Car 
Function in Acute and Chronic Coror 
Artery Disease — C.E. Rackley, F 
Russell, Jr., R.E. Moraski, J.A. Mat 
B.J. Feild and M. Smith. 


Ill. Treatment 


18. 


19. 


20. 


21. 


22. 
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Management of Chronic Refrac 
Congestive Heart Failure—D.T. Ma: 
R.R. Miller, D.O. Williams, / 
DeMaria, L.D. Segel and E.A. Am: 
dam. 

New Developments and Therape 
Applications of Cardiac Stimulating 
ents — J.F. Williams, Jr. 

The Digitalis Glycosides: Clinical P 
macology and Therapeutics — 
Mason, E.A. Amsterdam and G. Le 
Ventricular Afterload Reducing Ag 
in Congestive Heart Failure Therap 
R.R. Miller, D.O. Williams, / 
DeMaria, E.A. Amsterdam and 
Mason. 

Myocardial Infarction Sh: 
Mechanisms and Therapy — E.A. A 
terdam, A.N. DeMaria, J.L. Hughes, 
Hurley, A.J. Lurie, D.O. Williams, ! 
Miller and D.T. Mason. 
Antiarrhythmic Agents: Clinical P 
macology and Therapeutics — 
Mason, A.M. DeMaria, E.A. Amster 
L.A. Vismara, R.R. Miller, Z. Vera 
R.A. Massumi. 
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Wh. t would you c Il 
a scanner that's priced 


for private practice 
and so easy to use 


you can scan it 
yourself? 





Simply beautiful. 


Actually, we call it our Model 655 Electrocardio- 
scanner? But the way it scans our two-channel Model 
445 Mini-Holter Recorder tapes is simply beautiful. The 
655 provides the ultimate in simplicity to the operator, 
while providing ECG scanning at 120 times real time, 
and documentation in less time than ever before. At a 
price that's perfect for private practice. 

For easy arrhythmia findability, we jog its memory. 
Literally. We combined a new servo-controlled tape 
deck with our Arrhythmiagraph? providing the capa- 
bility to continuously jog back and forth throughout 
the tape. 

Our new 655 Electrocardioscanner is just one more 
example of why we ask questions before we build 
answers. You wanted a Holter scanner that was easy 
to operate at a lower price. And who could fill that 
order better. After all . . . 

“HOLTER MONITORING" IS OUR TRADEMARK’ 


DEL MAR AVIONICS 


1601 Alton Avenue, Irvine, CA 92714 * (71 TE 549-1500 
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A New Vision 


of Catapres' 
(clonidine HCI) 


The first 20 days 


èe Catapres lowers blood pressure promptly. 
è No contraindications. 
e Some patients may have dry mouth, drowsiness, 


and sedation. Tell them that these tend to diminish 
with continued use. 


e Giving the larger part of the divided dose at l 
bedtime can help alleviate drowsiness and sedatiom 


The next 20 years 


e Lowered blood pressure. 


e Little impotence, depression or postural hypotension. 


èe No fatal hepatotoxicity in over a decade of 
worldwide use. 


Broad therapeutic dosage range to keep step Wig 
changing dosage needs over the yeas: 


* Tolerance may develop in some patients, 
necessitating a reevaluation of therapy. 
For full details on adverse reactions, warnings; and 


precautions, see brief summary of the prescribing 
information on last page of this advertisement 
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HYPERTENSION 


A New Vision 


of Catapres 
(clonidine HCI) 


Tablets of 0.1 and 0.2 mg 


20 


What you do the first 20 days 
Can help him the next 20 years 
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Catapres® 
(clonidine hydrochloride) 
Tablets of 0.1 mg and 0.2 mg 


Indication: The drug is indicated in the treatment o 
hypertension. As an antihypertensive drug, Catapres 
(clonidine hydrochloride) is mild to moderate in pot 
It may be employed in a general treatment program 
with a diuretic and/or other antihypertensive agents 
as needed for proper patient response. 


Warnings: Tolerance may develop in some patients 

necessitating a reevaluation of therapy. 

Usage in Pregnancy: In view of embryotoxic finding 

animals, and since information on possible adverse 

effects in pregnant women is limited to uncontrolled 
clinical data, the drug is not recommended in wome 
who are or may become pregnant unless the potenti 
benefits outweigh the potential risk to mother and f 

Usage in Children: No clinical experience is availabl 
with the use of Catapres (clonidine hydrochloride) i 

children. 


Precautions: When discontinuing Catapres (clonidin 
hydrochloride), reduce the dose gradually over 2 to 

4 days to avoid a possible rapid rise in blood pressur 
anc associated subjective symptoms such as nervou: 
ness, agitation, and headache. Patients should be 
instructed not to discontinue therapy without consult 
their physician. Rare instances of hypertensive ence| 
lopathy and death have been recorded after cessatio 
of clonidine hydrochloride therapy. A causal relation- 
ship has not been established in these cases. It has 
been demonstrated that an excessive rise in blood pr 
sure, should it occur, can be reversed by resumption 
of clonidine hydrochloride therapy or by intrave- 
nous phentolamine. Patients who engage in poten- 
tially hazardous activities, such as operating machin 
or driving, should be advised of the sedative effect. 
This drug may enhance the CNS-depressive effects c 
alcohol, barbiturates and other sedatives. Like any ot 
agent lowering blood pressure, clonidine hydrochlori 
should be used with caution in patients with severe 
coronary insufficiency, recent myocardial infarction, 
cerebrovascular disease or chronic renal failure. 

As an integral part of their overall long-term care, 
patients treated with Catapres (clonidine hydrochlori 
should receive periodic eye examinations. While, 
except for some dryness of the eyes, no drug-related 
abnormal ophthalmologic findings have been recorde 
with Catapres (clonidine hydrochloride), in several 
studies the drug produced a dose-dependent increas 
in the incidence and severity of spontaneously occur 
ring retinal degeneration in albino rats treated for 
6 months or longer. 


Adverse Reactions: The most common reactions are 
dry mouth, drowsiness and sedation. Constipation, 
dizziness, headache, and fatigue have been reported 
Generally these effects tend to diminish with continu 
therapy. The following reactions have been associate 
with the drug, some of them rarely. (In some instanct 
an exact causal relationship has not been establishe: 
These include: Anorexia, malaise, nausea, vomiting, 
parotid pain, mild transient abnormalities in liver fun 
tion tests; one report of possible drug-induced hepa- 
titis without icterus and hyperbilirubinemia in a patie 
receiving clonidine hydrochloride, chlorthalidone, an 
papaverine hydrochloride. Weight gain, transient ele 
tion of blood glucose, or serum creatine phosphokinez 
congestive heart failure, Raynaud's phenomenon; viv 
dreams or nightmares, insomnia, other behavioral 
changes, nervousness, restlessness, anxiety and mer 
depression. Also rash, angioneurotic edema, hives, 
urticaria, thinning of the hair, pruritus not associated 
with a rash, impotence, urinary retention, increased 
sensitivity to alcohol, dryness, itching or burning of t 
eyes, dryness of the nasal mucosa, pallor, gyneco- 
mastia, weakly positive Coombs' test, asymptomatic 
electrocardiographic abnormalities manifested as 
Wenckebach period or ventricular trigeminy. 


Overdosage: Profound hypotension, weakness, somn 
lence, diminished or absent reflexes and vomiting fol 
lowed the accidental ingestion of Catapres (clonidine 
hydrochloride) by several children from 19 months to 
5 years of age. Gastric lavage and administration of z 
analeptic and vasopressor led to complete recovery 

within 24 hours. Tolazoline in intravenous doses of 

10 mg at 30-minute intervals usually abolishes all gf- 
fects of Catapres (clonidine hydrochloride) overdosac 


How Supplied: Catapres, brand of clonidine hydro- 
chloride, is available as 0.1 mg (tan) and 0.2 mg 
(orange) oval, single-scored tablets in bottles of 100 
and 1000. 1 
For complete details, please see full prescribing 
information. 
Under license from Boehringer Ingelheifn GmbH 
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The Varian Y35000 
Phased Array Ultrasonograph. 


l: Leadership In The 
sagen New Cardiac Imaging. 
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| dis E Medical Group, Varian Associates 
| 611 Hansen Way, Palo Alto, CA 94303 Tel: 415-493-4000 
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Laragh's HYPERTENSION MANUAL 


You Can Now Buy This Famous Bestseller in Three Convenient Paperback 


Edited by 
John H. Laragh, MD 
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RENIN SYSTEM 
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Volumes Covering the Major Sections in the Original: 


1. Mechanisms —ciinicai teatures and the physiologic and biochemical mechanisms of hypertension I Arterial Pressure 
Regulation, Overriding Dominance cf the Kidneys in Long-Term Regulation and in Hypertension @ A Viewpoint Concerning the Enigma 
of Hypertension B The Contro! of Renin Release lg The Control of Aldosterore Secretion in Normal and Hypertensive Mar Abnormal 
Renin-Aidosterone Patterns in Low Renin Hypertension @ Physiologic Characteristics of Hypertension @ Blood Pressure and Cardiac 
Performance B Neurogenic Factors in Human Hypertension: Mechanism or Myth? @ The Renin-Angiotensin-Aldosterone System in 
re and Management of Hypertensive Vascular Diseases W Plasma Aldosterone: Renin Interrelat;onships in Var ous Forms of 
Essential Hypertension. Studies Using a Rapid Assay of Plasma Aldosterone @ Renin. Angiotensin and Hypertensive Vascular Damage 
A Review @ Diabetes and Hypertensive Vascular Disease. Mechanisms and Treatment B Toxemia ol Pregnancy Mechanism and 
Therapeutic Management @ Adrena! Mineralocorticoid Hormones Causing Hypertension @ Hypertension in Chronic Renal Failure An 
Abnormal Relation Between Sodium and the Renin-Angiotensin System @ Renovascular Hypertension Mechanisms. Natural History 
and Treatment lii The Physiology o! Renin Secretion in Essential Hypertension. Estimation of Renin Secretion Rate and Renal Plasma 
Flow from Peripheral and Renal Vein Renin Levels @ Renovascular Hypertension: Renin Measurements to Indicate Hypersecretion and 
Contralateral Suppression, Estimate Renal Plasma Flow and Score for Surgical Curability 

Master Professor of Medicine 505 pages, 150 figures and tables, index, $12.50 
Director of the Cardiovascular Center 
The New York Hospital—Corneli Medica! Center e. Methods— The methodology in- 
and Founder of the Hypertension Center volved in the evaluation of the physiologic pa- 


rameters of high blood pressure. B An Eval- 
Columbia-Presbyterian Medica! Center. New York, N.Y uation of Measurement Performance of Selected 


Blood Pressure Devices @ Assay of Plasma Cate- 
cholamines. An Approach to Evaluating Altered 
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treatment for high blood pressure. Also in- 
cludes special sections of hypertensive drug 
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Catheter Pressure 
Transducer 


Catheter "mien 
Pressure Transducer 


TO RECORD PRESSURE SENSOR TO RECORD VELOCITY SENSOR 
e PRESSURE AT SOURCE FEATURES « FLUID VELOCITY FEATURES 
e TRUE WAVEFORMS e THERMAL STABILITY e PRESSURE AT SOURCE «LINEAR STABLE OUTPUT 
e PHONOCARDIOGRAMS e EXCELLENT LINEARITY e PHONOCARDIOGRAMS e LOW POWER DISSIPATION 
e HIGH NATURAL FREQUENCY e BIDIRECTIONAL MEASUREMENT 


Millar MIKRO-TIP* Catheter Pressure Transducers Millar MIKRO-TIP* Catheter Velocity /Pressure 
are available in a variety of configurations. Catheter | Transducers are available in a variety of 


French sizes are from 4F to 8F. One, two or three configurations. Catheter French sizes are from 6F 
pressure sensors may be spaced along a single to 8F. One electromagnetic fluid-velocity sensor 
catheter, some with lumen for blood sampling or and one or two pressure sensors may be spaced 


with lumen for high speed injection. 





along a single catheter. In the size 8F catheter 
only, a pressure sensor may be placed at the same 
location as the fluid-velocity sensor. 


P. O. Box 18227 ] 


ILLAR (6001 Gulf Freeway) 
Houston, Texas 77023 U.S.A. (713) 923-9171 
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Builtin capacity for addition of new m 
under development 


AND WE BACK IT UP 
WITH 
OUTSTANDING SERVICE 


Our established National Service Group recognizes that 
delivering good service will help to sell Irex systems and 
that failure to do so will help to sell competitive systems. 
Ask a current Irex user about our service and we are 
confident that you will receive a positive recommendation. 











IREX MEDICAL SYSTEMS 
Executive Offices 

114 Pleasant Avenue 

Upper Saddle River, NJ 07458 


Call (201) 327-5900 for the name of 
your local Irex Sales Representative. 


SERMCE REPRESENTATIVES LOCATED 
THROUGHOUT THE U.S.A. 


* 13,500 

Irex System Il Recorder 
Monitor and Echo | with 
built-in diagnostic ECG. 
$15,500 

Above with 4 Channel 
Heart Sound/Pulse Modul: 


EXCESSIVE SMOMING 
EXCESSIVE WEIGHT 
EXCESSIVE CHOLESTEROL 











...except 


excessive anxietu 


While your tense post-coronary 
patient is recovering from his 
heart attack, he may be able to 
avoid smoking, overeating and 
high cholesterol foods. But he 
may have great difficulty avoiding 
excessive anxiety and psychic 
tension, even though he tries. 

If your calming reassurance 
and counseling alone don't re- 
duce this tension and anxiety, 
Valium(diazepam) can be extreme- 
ly effective and dependable as 
an adjunct. The psycnotherapeu- 
tic effect of Valium is frequently 
both pronounced anc rapid. 
Quite often the patient experi- 
ences initial calming in hours and 
more sustained relief of emo- 


tional distress during 
the first few days of i 
therapy. Valium pro- [LN | UM, 
vides a response you 
for 


(diazep am) © 


know, want and trust 


the post-coronary patient. 

Valium (diazepam) is used 
with most classes of primary 
medications, including cardiac 
glycosides, anticoagulants, 
diuretics and vasodilators, so it 
offers an advantage for treat- 
ment of the cardiac patient. 

And because the post-MI 
patient may be especially prone 
to anxiety at bedtime, the addi- 
tion of an h.s. dose of Valium to 
the b.i.d. or t.i.d. schedule can 
help reduce anxiety and en- 
courage sleep. Although drows- 
iness, ataxia and fatigue are 
sometimes encountered, these 
and more serious side effects 
are rarely a problem. 





2-mg, 5-mg, lO-mo P tablets 


a useful adjunct i in 
rehabilitation of the anxious 
coronary patient 


Before prescribing, please see following page for a summary of product information. 
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(diazepam) 


Before prescribing, please consult complete 
roduct information, a summary of which fol- 
OWS: 
Indications: Tension and anxiety states; somatic 
complaints which are concomitants of emotional 
factors; psychoneurotic states manifested by ten- 
sion, anxiety, apprehension, fatigue, depressive 
symptoms or agitation; symptomatic relief of 
acute agitation, tremor, delirium tremens and 
hallucinosis due to acute alcohol withdrawal; ad- 
junctively in skeletal muscle spasm due to reflex 
spasm to local pathology; spasticity caused by 
upper motor neuron disorders; athetosis; stiff-man 


. syndrome; convulsive disorders (not for sole 


therapy). 

The effectiveness of Valium in long-term use, that 
is, more than 4 months. has not been assessed 
by systematic clinical studies. The physician 


should periodically reassess the usefulness of the - 


drug for the individual patient. 
Contraindicated: Known hypersensitivity to the 
drug. Children under 6 months of age. Acute nar- 
row angle glaucoma; may be used in patients 
with open angle glaucoma who are receiving 
appropriate therapy. 
Warnings: Not of value in psychotic patients. 
Caution against hazardous occupations requiring 
complete mental alertness. When used adjunc- 
tively in convulsive disorders, possibility of in- 
crease in frequency and/or severity of grand mal 
seizures may require increased dosage of stan- 
dard anticonvulsant medication; abrupt with- 
drawal may be associated with temporary in- 
crease in frequency and/or severity of seizures. 
Advise against simultaneous ingestion of alcohol 
and other CNS depressants. Withdrawal symp- 
toms (similar to those with barbiturates and 
alcohol) have occurred following abrupt dis- 
continuance (convulsions, tremor, abdominal 
and muscle cramps, vomiting and sweating). 
Keep addiction-prone individuals under careful 
surveillance because of their predisposition to 
habituation and dependence. 
Usage in Pregnancy: Use of minor tran- 
quilizers during first trimester should 
almost always be avoided because of 
increased risk of congenital malforma- 
tions as suggested in several studies. 
Consider possibility of pregnancy when 
instituting therapy; advise patients to 
discuss therapy if they intend to or do 
become pregnant. 
Precautions: |f combined with other psycho- 
tropics or anticonvulsants, consider carefully 
pharmacology of agents employed; drugs such 
as phenothiazines, narcotics, barbiturates, MAO 
inhibitors and other antidepressants may poten- 
tiate its action. Usual precautions indicated in pa- 
tients severely depressed, or with latent depres- 
sion, or with suicidal tendencies. Observe usual 
precautions in impaired renal or hepatic function. 
Limit dosage to smallest effective amount in el- 
derly and debilitated to preclude ataxia or over- 
sedation. 
Side Effects: Drowsiness, confusion, diplopia, 
hypotension, changes in libido, nausea, fatigue, 


depression, dysarthria, jaundice, skin rash, ataxia, 


constipation, headache, incontinence, changes in 
salivation, slurred speech, tremor, vertigo, urinary 
retention, blurred vision. Paradoxical reactions 
such as acute hyperexcited states, anxiety, hal- 


lucinations, increased muscle spasticity, insomnia, 


rage, sleep disturbances, stimulation have been 
reported; shouid these occur, discontinue drug. 
Isolated reports of neutropenia, jaundice; periodic 
blood counts and liver function tests advisable 
during long-term therapy. 

Dosage: Individualize for maximum beneficial ef- 
fect. Adults: Tension, anxiety and psychoneurotic 
states, 2 to 10 mg b.i.d. to q.i.d.; alcoholism, 10 
mg t.i.d. or q.i d. in first 24 hours, then 5 mg t.i.d. 
or q.i.d. as needed; adjunctively in skeletal mus- 
cle spasm, 2 to 10 mg t.i.d. or q.i.d.; adjunctively 
in convulsive disorders, 2 to 10 mg b.i.d. to q.i.d. 
Geriatric or debilitated patients: 2 to 2V» mg, 1 or 
2 times daily initially, increasing as needed and 
tolerated. (See Precautions.) Children: 1 to 2⁄2 mg 
t.i.d. or q.i.d. initially increasing as needed and 
tolerated (not for use under 6 months). 


Roche Laboratories 
Division of Hoffmann-La Roche Inc 
Nutley, New Jersey 07110 
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One of the 

Most Frequently 
Overdiagnosed 
Diseases! 





B Here at last 

is an objective study of 
essential reactive 
hypoglycemia . . . definition, 
recognition, pathology, 
etiology, and treatment. 


Editors: 


D. Andreani, MD, Prof. of Clinical Endocrinology. Univ. of Rome 
P. Lefébvre, MC, Dept. of Medicine, University of Liege 
V. Marks, DM, Prof., Dept. of Biochemistry. Univ. of Surrey 


This European (Rome) Symposium was the first free inter- 
change of ideas among scientists in the various medical dis- 
ciplines—physiology, internal medicine, endocrinology, clin- 
ical biochemistry, etc.—necessary to the understanding, 
diagnosis and treatment of hypoglycemia. The concentration 
was on the various aspects of insulin-producing tumors and 
the vexed question of essential reactive hypoglycemia. Spe- 
cial attention was given to the widespread misinterpretation 
of laboratory data relating to the prolonged oral glucose test 
which has resulted in the erroneous belief that ‘‘millions 
suffer from hypoglycemia.” 

Send for this fascinating publication on a 30 day free trial 
basis. Keep it only if more than pleased. 

HYPOGLYCEMIA nas been carefully edited to simplify 
readability and comprehension. A brief summary allowing for 
quick review precedes each article. 


135 double-column pages, 126 illustrations, figures, 
tables, $23.00 





Yorke Medica! Books 

666 Fifth Avenue, New York, N.Y. 10019 
Please send me a copy of HYPOGLYCEMIA 
for 30 days’ free examination and use at 


$23.00 (money back if you return book). 


NAME 
(PLEASE PRINT) 


ADDRESS |. . 


CITY, A ori ido nnl ABE ATE LL Lo P 


O Full Payment: enclosed, publisher absorbs shipping cost. 
O Bill me, plus cost of shipping. RT 


| AJC 7/78 
In New Yor« State add appropriate sales tax. 


Distribution in Europe, Africa and Asia— J 
—Georg Thieme Publishers, Stuggart. 
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The new Tygon family of monitoring/administration lines 
brings to the medical profession significant safeguards 
and conveniences found in no other monitoring lines. 


Clarity 
From end to end, Tygon monitoring/administration lines 
are clear. Not only the tubing, but the fittings as well. 
This offers an important advantage: easier, positive 
visual checking for air bubbles or other emboli — at 
a glance. 


Controlled Damping 
The sturdy Tygon tubing walls assure faithful transmis- 
sion of pressure without loss, unlike soft-walled tubing. 


Integral fittings 
The luer lock connectors 
are molded to the tubing, 
not glued-on. This elim- 
(mates the danger of leak- 
age and the possibility of 
contamination by solvent 
transfer. Another advan- 
tage is the little "wings" 
on the connectors which 
permit easy manipulation with gloved hands for fast 
assembly. 





37043A 





Ready to use, disposable 

Each Tygon monitoring/administration line is sterile- 
packaged in a peel-open pouch and is designed for 
single patient use. 


The name “Tygon” — your best assurance 


Tygon? tubing, a product of the Norton Company, has 
earned a reputation for undeviating excellence in the 
health care field...particularly where critical procedures 
are concerned. 


Tygon monitoring/administration lines are formulated 
and produced with this same uncompromising attention 
to excellence. From raw material to finished product, 
Norton alone has total manufacturing responsibility. This 
way, Norton can completely control and 
maintain the high quality that the 
medical profession expects from the 
trusted name “Tygon”. 


For detailed information on Tygon moni- 
toring/administration lines including 
sizes, end connector options, and 
selection data, write for Bulletin MA- 
1000. Better yet, call Norton toll-free 
800-321-9634 (Ohio call collect 216- 
633-3224). 


TYGON 
MONITORING ADMINISTRATION 
UNES —, 


TIL RETI HEALTH CARE PRODUCTS 


PO. BOX 350 AKRON. OHIO 44309 TEL: (2/6) 633-3224 
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Our remarkable new wide-angle 
probe gives you an enlarged 
cross-sectional scan of the heart, 
making it easier for you to 
visualize and correlate relative 
position and motion patterns 
of intracardiac structures for a 
more accurate diagnosis. 

In addition this new probe 
provides an image of extremely 
high resolution. 


More innovation 
without obsolescence. 


The new wide-angle probe is yet 
another SKI innovation designed 
to protect your original invest- 
ment while providing extra value 
to you. 

If you already own an Eko- 
Sector I™ a modification will 
enable you to use the standard 
probe and the new wide-angle 
probe interchangeably. Both 
heads simply attach to the exist- 
ing probe handle. 








It gives you 
the big picture. 





The new wide-angle probe dis- 
plays a scan that is 50° greater 
than the standard 30° probe. Both 
probes will be supplied with all 

new EkoSector I units. The wide- 
angle probe is supplied for existing 
systems as an optional accessory. 


Real-time cross- 
sectional scanning and 
unique design. 


The SKI patented direct process- 
ing method provides distortion- 
free electronic images and correct, 
spatially-oriented, information 
concerning the depth relative 
to the chest wall, and real-time 
motion of cardiac structures. 
Clinically reported uses for 
EkoSector I ——| 
include quantita- 
tion of mitral and 
aortic stenosis, 
detection of 
ventricular 
aneurysms 
and localiza- 
tion of ven- 
tricular outflow - 
obstructions. 
Transducers 
provide A-mode, 
M-mode or 
sector scan- . 












ning of the heart or other organs. 
Images can be displayed on the 
oscilloscope or on the large ex- 
ternal X-Y monitor. A videotape 
recorder allows recording of 
M-mode or cross-sectional scans 
along with verbal comments. 
Playback can be at normal speed, 
slow motion or stop-frame pro- 
jection. Recorded images can 

be selectively altered in size 

by means of the tissue depth 
control. 

If you already own an Ekoline 
20A, the EkoSector I can easily 
be interfaced with it, cutting 
your cost for the whole system 
by almost half. Even if you do 
not already own an Ekoline 20A, 
the complete system still costs 
less than competing systems. 


Smithi&line Instruments, Inc. 





880 West Maude Avenue, Sunnyvale 
CA. 94086 (408) 732-6000 


Please send me more information on the new 
EkoSector I O Ekoline 20A O 


Name 

Hospital 

Address 

City 

ÉD ap eem tnt ND 


Mail to Smith Kline Instruments, Inc. 
P.O. Box 1947, Sunnyvale, California 94086 


Or, call 800-538-1556 toll free. 
In California call collect 408-732-6000. 
AJC 


In Canada, mail to Smith Kline Instruments, 
300 Laurentien Blvd., St. Laurent, Quebec, 
Canada. In the United Kingdom, mail tc 
Smith Kline Instrument Co. Ltd., Welwyn 
Garden City, Hertfordshire, England. 


Sisi 


a SmithKline company 


For ventricular arrhythmias. 
For atrial arrhythmias. 





For smooth, trouble-free conversion. 


For steady maintenance. 


O Greater GI tolerance 
than with quinidine sulfate 
O Full quinidine cardiodynamics 
tj Convenient b.i.d. or t.i.d. dosage 
for most patients 


CARDIOQUIN Tablets (quinidine polygalacturonate) are indi- 
cated in the treatment of a broad range of cardiac arrhythmias 
(see Brief Summary). After conversion to normal sinus rhythm 
— whether with CARDIOQUIN Tablets or electroconversion — 
only low b.i.d. ort.i.d. dosage of this unique polygalacturonate 
salt of quinidine is required for maintenance in most cases. 
The polygalacturonic acid serves as a buffering moiety. It pro- 
tects the mucosa of the stomach and permits dependable 
absorption of the quinidine.* 


*Aviado, D. M., Krantz and Carr's Pharmacologic Principles. of Medical 
Practice, ed. 8, Baltimore, Williams and Wilkins Co., 1972, p. 456. 


BRIEF SUMMARY—INDICATIONS: CARDIOQU!N Tablets (quinidine 
polygalacturonate) are indicated in the treatment of: premature atrial 
and ventricular contractions; paroxysmal atrial tachycardia; paroxys- 
mal AV junctional rhythm: atrial flutter; paroxysmal atrial fibrillation; 
established atrial fibrillation when therapy is appropriate; paroxysmal 
ventricular tachycardia when not associated with compiete heart- 
block; maintenance therapy after electrical conversion of atrial fibril- 
lation and/or flutter. CONTRAINDICATIONS: Aberrant impulses and 
abnormal rhythms due to escape mechanisms should not be treated 
with quinidine. WARNING: In the treatment of atrial flutter reversion 
to sinus rhythm may be preceded by a progressive reduction in th 
degree of AV block to a 1:1 ratio and resulting extremely rapid ven- 
tricular rate, COMPOSITION: Each CARDIOQUIN Tablet (quinidine 
polygalacturonate 275 mg.) is equivalent in quinidine content to 3 
grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage 
must be adjusted to individual needs, both for conversion and main- 
tenance. An initial! dose of 1 to 3 tablets may be used to terminate 
arrhythmias, and may be repeated in 3-4 hours. If norma! sinus rhythm 
is nct restored after 3 or 4 equal doses, the dose may be increased 
by Ye to 1 tablet (137.5 tc 275 mg.) and administered three to four 
times before any further dosage increase. For maintenance, one 
tablet may be used two to three times a day; generally one tablet 
morning and night will be adequate. SUPPLIED: Uncoated, scored 
tablets in bottles of 50. 


Purdue Frederick 


CCOP'YRIGHT 1978, THE PURDUE FREDERICK COMPAN Y/NORWALK, CT 06856 88207 202478 


CARDIOLOGY 





Controversies: Effect of Coronary Bypass Surgery on Survival 
Review on Discrete Subaortic Stenosis in Adults 
Echocardiographic Features of Congenital Mitral Stenosis 


y Call for Abstracts: ACC 28th Annual Scientific Session 
Miami Beach, Florida, March 11—15, 1979 
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Logical therapy because essential hyper- 
tension is usually characterized by elevated 
peripheral resistance with normal cardiac 
output. ALDOMET lowers blood pressure 
apparently by lowering peripheral resistance — 
while cardiac output is usually maintained. 


Appropriate for all degrees 

of hypertension when drug 

therapy is required 

Highly effective in mild, moderate, or severe 
hypertension, ALDOMET (Methyldopa, MSD) 
is useful when there has been an inadequate 
response to initial thiazide therapy, or as initial 
therapy when thiazides are deemed inappro- 
priate or contraindicated (for example, when 
hypersensitivity to sulfonamide-derived 
drugs exists). 


Appropriate for many 
hypertensive patients 
requiring special 
consideration 


e hypertensive patients with renal impair- 
ment — ALDOMET usually does not 
reduce glomerular filtration rate, renal 
blood flow, or filtratien fraction. 
(Methyldopa is largely excreted by the 
kidney, and patients with impaired renal 
function may respond to smaller doses.) 
« hypertensive children requiring drug 
therapy (See pediatric dosage recom- 
mendations in the addendum on the last 
page of this advertisement.) 





Not contraindicated in the 
following coexisting conditions 
in which some other antihyper- 
tensives are contraindicated 


e congestive heart failure (Edema may occur 
with ALDOMET. This is usually relieved by * 
the use of a diuretic, but if edema progresses 
methyldopa should be discontinued.) 

e coronary artery disease (Aggravation of 
angina pectoris may occur with ALDOMET.) 

e mitral valvular rheumatic heart disease 

e bronchial asthma 

e allergic rhinitis during the pollen season 

e greater than first-degree heart block 

e active peptic ulcer 

e ulcerative colitis 





Therapeutic limitations 

ALDOMET is contraindicated in active hepatic 
disease, hypersensitivity to the drug, and 

if previous methyldopa therapy has been 
associated with liver disorders. 

It is important to recognize that a positive 
Coombs test, hemolytic anemia, and liver dis- 
orders may occur with methyldopa therapy. 
The rare occurrences of hemolytic anemia or 
liver disorders could lead to potentially fatal 
complications unless properly recognized and 
managed. For more details, please see the 
brief summary of prescribing information. 


ow |o , 





TABLETS: 500 mg, 250 mg, and 125 mg 





uiv: hs SHAHP: 
For a brief summary of prescribing information, please see following page. DOHME 
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d the need del transfusion arise in a patient 
j methyldopa, both a direct and an indirect 
bs test should be performed on his blood. In the 
| nce of hemolytic anemia, usually only the direct - 
q i noms test will be positive. A positive direct Coombs 
alone will not interfere with typing or cross | 
ching. If the indirect Coombs test is also positive, 
pr prob ms may arise in the major cross match and the 

sistance ofa hematologist or transfusion expert will 


: n or ly occurred within first 3 weeks of thera 
( ally with eosinophilia or abnormalities in wer 
such as serum alkaline phosphatase, 
SGOT, SGPT), bilirubin, ceph- 
erol flocculation, prothrombin time, and 
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iso aly In some patients the findings are 
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quires that antibipgted benefits be weighed against 
possible risks; possibility of fetal injury or injury to a 
nursing infant cannot be excluded. Methyldopa 
. tfüSses the placental barrier, appears in cord blood, 
and appears in breast milk. 
ns: Should be used with caution in pa- 
- tients with history of previous liver disease or dys- 
function (see Warnings). May interfere with measure- 
ment of: urinary uric re acid by the phosphotungstate 
method, serum creatinine by the alkaline picrate 


methyldopa causes fluorescence in urine samples at 
the same wavelengths as catecholamines, falsely high 
levels of urinary catecholamines may be reported. 
This will interfere with the diagnosis of pheochromo- 

.Cytoma. It is important to recognize this phenomenon 

before a patient with a possible pheochromocytoma is 
Subjected to surgery. Methy!dopa is not recommended 
for patients with pheochromocytoma. Urine exposed to 
air after voiding may darken because of breakdown of 
methyldopa or its metabolites. 

Stop drug if involuntary choreoathetotic movements 
occur in patients with severe bilateral cerebrovascular 
disease. Patients may require reduced doses of 
anesthetics; hypotension occurring during anesthesia 


tension has recurred after dialysis in patients on 
methyldopa because the drug is removed by this 
procedure. - 

. Adverse Reactions: Centra/ nervous system: Seda- 
tion, headache, asthenia or weakness, usually early 
and transient; dizziness, lightheadedness, symptoms 
of cerebrovascular insufficiency, paresthesias, parkin- 
sonism, Bell's palsy, decreased mental acuity, involun- 
tary choreoathetotic movements; psychic distur- 
 bances, including nightmares and reversible mild psy- 
choses or depression. 

Cardiovascular: Bradycardia, aggravation of angina 


pectoris. Orthostatic hypotension (decrease daily - 
dosage). Edema (and weight gain) usually relieved by 


use of a diuretic. (Discontinue methyldopa if edema 
progresses or signs of heart failure appear.) 
intestinal: Nausea, vomiting, distention, con- 
stipation, flatus, diarrhea, mild dryness of mouth, sore 
or "black" tongue, pancreatitis, sialadenitis. 
Hepatic: Abnormal liver function tests, jaundice, liver 
disorders. 
Hematologic: Positive Coombs test, hemolytic anemia. 
Leukopenia, granulocytopenia, thrombocytopenia. 
Positive tests for antinuclear antibody, LE cells, and 
rheumatoid factor. 
Allergic: Drug-related fever, lupus-like syndrome, 
myocarditis. 


Other: Nasal stuffiness, rise in BUN, breast enlarge- | 


ment, gynecomastia, lactation, impotence, decreased 
libido, dermatologic reactions including eczema and 
lichenoid eruptions, mild arthralgia, myalgia. 
Note: Initial adult dosage snould be limited to 500 mg 
daily when given with antihypertensives other than 
thiazides. Tolerance may occur, usually between sec- 
ond and third months oí therapy; increased dosage or 
adding a diuretic frequently restores effective control. 
Patients with impaired renal function may respond to 
smaller doses. Syncope in older patients may be re- 
lated to increased sensitivity and advanced ar- 
teriosclerotic vascular disease; this may be avoided 
by lower doses. 
How Supplied: Tablets, containing 125 mg 
methyldopa each, in bottles-of 100; Tablets, containing 
250 mg methyldopa each, in single-unit packages of 
100 and bottles of 100 anc 1000; Tablets, containing 
500 mg methyldopa each, in single-unit packages of 
100 and bottles of 100 anc 500. 
For more detailed information, consult your MSD 
(a esentative or see fuil prescribing information. 
Sharp & Dohme, Division of Merck & Co., Iwc., 
West Point, Pa. 19485 J8AM17(709) 
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DOSAGE 


| INFORMATION ON 


ALDOMET® 
(Methyldopa|MSD) 


Adults 

initiating therapy 

« 250 mg b.i.d. or t.i.d. the first 
48 hours - 


e increase or decrease, preferably | 


at intervals of not less than two 
days, until response is adequate 

« start dosage increases in the 
evening to minimize sedation — 

. adjusting dosage may prevent - 
morning hypotension without 
losing control of afternoon blood 
pressure : 

« when ALDOMET. is added, the 
dosage of thiazides need not 
be changed 

« when given with antihyperten- 
sives other than thiazides, the 
dose of these agents may have to 
be adjusted and the starting 
dosage of ALDOMET should be 
limited to 500 mg daily in 
divided doses 


| maintaining therapy 


usually 500 mg to 2.0g daily i in 
two to four doses 

* maximum recommended daily 
dose is 3.0g 

« if effective control of blood 
pressure cannot be maintained 
on 2.0 g methyldopa daily 
and a thiazide is not already part 
of the regimen, a thiazide 
should be added 

« occasional tolerance may occur, 
usually between the second and 
third month of therapy; adding 

a diuretic or increasing the 
Modum of ALDOMET frequently 
restores effective control - 

« patients with impaired renal 
function may respond to lower 
doses; syncope in older patients 
may be related to an increased 
sensitivity and advanced arterio- 
sclerotic vascular disease and 
may be avoided by lower doses 

Children 

« initial dosage is based on 
10 mg/kg of body weight daily 
in two to four doses 


.* increase or decrease daily dosage 


until adequate response is 
achieved | 

* maximum dosage is 65 mg/kg 
or 3.0 g daily, whichever is less 


No Matter How You Look AT If... 
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triamterene) and 25 mg. of hydrochlorothiazide. 


Makes Sense in 
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Before prescribing, see complete prescribing informa- 
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ollows: 


* Warning 
This drug is not indicated for initial therapy of edema 
or hypertension. Edema or hypertensicn requires 
therapy titrated to the individual. If this combination 
represents the dosage so determined, its use may 
be more convenient in patient management. Treat- 





ment of hypertension and edema is not static, but 
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Contraindications: Further use in anuria, progressive 
renal or hepatic dysfunction, hyperkalemia. Pre-existing 
elevated serum potassium. Hypersensitivity to either 
component or other sulfonamide-derived drugs 


Warnings: Do not use potassium supplements, dietary 
or otherwise, unless hypokalemia develops or dietary 
intake of potassium is markedly impaired. |f supple- 
mentary potassium is needed, potassium tablets should 
not be used. Hyperkalemia can occur, and has been 
associated with cardiac irregularities. It is more likely in 
the severely ill, with urine volume lessthan one liter/day, 
the elderly and diabetics with suspected or confirmed 
renal insufficiency. Periodically, serum K+ levels should 
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IF HE HAD THE E for 
CATH LAB COMPUTE 
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HIS REPORTS WOUL 
bE OUT BY NOW! 


Our users tell us about many things they like in their E for M Cath Lab Computer 
system, such a 
e Ventriculography results are available in-lab 


e Hemodynamic calculations are done with an accuracy and reliability they 
found hard to get manually 


e Waveforms and calculated results are displayed and permanently stored 

e kxlensive editing facilities permit introduction of personal judgment 

e Latest generation software provides some unique capabilities such as shunt 
calculations based on the tentative diagnosis of congenital anomaly 

e The computer-accessibdle cardiac data base greatly simplifies cross 
population and other statistical studies 

šut the part our users like most is getting all their reports written by ihe 

computer, to their specifications immediately after the procedure is finished 


Il you are thinking about a computer for your cath lab, it will pay you to talk with 
us. Call your local Efor M representative, or our computer group in Sudbury 
Massachusetts, 617-448-9969 


ELECTRONICS FOR MEDICINE, INC. 
f »M PLEASANTVILLE, NEW YORK 10570 * 914-769-6700 
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DELICIOUS 


10% LIQUID 


(potassium chloride) 


Each tablespoonful (15 ml) contains 20 mEq of potassium chloride (provided 
by potassium chloride 1.5 g) in a palatable cherry-with-pit flavored vehicle, 


cohol 1%. 


Delicious cherry-with-pit flavor. 
If you've tasted it, you know 
KLORVESS® (potassium chloride) 
10% Liquid provides a delicious 
natural flavor. So good, in fact, 
that it should be mixed only with 
water. 





THE SUBTLE MIXER j 
EFFERVESCENT 


IABLET 


Or whatever flavor your patients 
like . . . because the taste of 
KLORVESS* Effervescent Tablets 
is determined by what theyre 
mixed with. The subtle mixer. 


Convenience in therapeutic doses. 
Both forms of KLORVESS offer 
20 mEq of potassium and chloride 
in each dose. There is no need to 
prescribe several slow-release 
tablets per dose or space dosage 
administration beyond the 
patients normal routine. 
Prescribe KLORVESS Liquid 
. or KLORVESS Effervescent 
Tablets . . . for potassium 
supplement therapy that offers 
good taste and convenience at 
therapeutic dosages. 





Each dry, sodium- and sugar-free effervescent tab 
let contains 20 mEq each of potassium and 


chloride supplied by potassium chloride 1.125 g, 
potassium bicarbonate 0.5 g, L-lysine monohydro- 


chloride 0.913 g. 


B 


Description: Klorvess Effervescent Tablets: Each dry, sodium- 
and sugar-free effervescent tablet contains 20 mEq each of 
potassium and chloride supplied by potassium chloride 1.125 g, 
potassium bicarbonate 0.5g, L-lysine monohydrochloride 0.913 g. 
Dissolution of the tablet in water provides the potassium and 
chloride available for oral ingestion as potassium chloride, 
pon bicarbonate, potassium citrate and L-lysine mono- 
ydrochloride. 


Klorvess (potassium chloride) 10% Liquid: Each tablespoon- 
ful (15 ml) contains 20 mEq of potassium chloride (provided 
by potassium chloride 1.5 g) in a palatable, cherry-with-pit 
flavored vehicle, alcohol 1%. 


Indications: For the prevention and tieatment of potassium 
depletion and hypokalemic-hypochloremic alkalosis. 

Deficits of body potassium and chloride can occur as a con- 
sequence of therapy with potent diuretic agents and adrenal 
corticosteroids. 


Contraindications: Severe renal impairment characterized by _ 
azotemia or oliguria, untreated Addison's disease, Familial Periodic 
Paralysis, acute dehydration, heat cramps, patients receiving 
aldosterone-inhibiting or potassium-sparing diuretic agents, or 
hyperkalemia from any cause. 


Precautions: In response to a rise in the concentration of body 
potassium, renal excretion of the ion is increased. In the presence 
of normal renal function and hydration, it is difficult to produce 
potassium intoxication by oral potassium salt supplements. 


Since the extent of potassium deficiency cannot be accurately 
determined, it is prudent to proceed cautiously in undertaking 
potassium replacement. Periodic evaluations of the patient's. 
Clinical status, serum electrolytes and the EKG should be carried 
out when replacement therapy is undertaken. This is particularly 
important in patients with cardiac disease and those patients 
receiving digitalis. 


High serum concentrations of potassium may cause death 
through cardiac depression, arrhythmia or cardiac arrest. 

To minimize gastrointestinal irritation associated with potassium 
chloride preparations, patients should dissolve each Klorvess 


Effervescent Tablet in 3 to 4 ounces of water or fruit juice, or 


dilute each tablespoonful of Klorvess potassium chloride) 10% 
Liquid in 3 to 4 ounces of water. Both of these solutions should 
be ingested slowly with or immediately after meals. 


Adverse Reactions: Abdominal discomfort, diarrhea, nausea and 
vomiting may occur with the use of potassium salts. 


The symptoms and signs of potassium intoxication include 
paresthesias, heaviness, muscle weakness and flaccid paralysis 
of the extremities. Potassium intoxication can produce listless- 
ness, mental confusion, a fall in blood pressure, shock, cardiac 
arrhythmias, heart block and cardiac arrest 


The EKG picture of hyperkalemia is characterized by the early 
appearance of tall, peaked T waves, The R wave is decreased in 
amplitude and the S wave deepens; the QRS complex widens 
progressively. The P wave widens and decreases in amplitude 
until it disappears. Occasionally, an apparent elevation of the RS-T 
paon and a cove plane RS-T segment and T wave will be noted 
in AVL. 


Dosage and Administration: Klorvess Effervescent Tablets: Adults 
—One Klorvess Effervescent Tablet (20 mEq each of potassium 
and chloride) completely dissolved in 3 to 4 ounces of cold 
water or fruit juice 2 to 4 times daily depending upon the require- 
ments of the patient. 


Klorvess DER chloride) 10% Liquid: Adults—One — 
tablespoonful (15 ml) of Klorvess Liquid (20 mEq of potassium 
chloride) completely diluted in 3 to 4 ounces of water 2 to 4 times 
daily depending upon the requirements of the patient. 


Both of these solutions should be ngested slowly with meals or 
immediately after eating. Deviations from these recommended 
dosages may be indicated in certain cases of hypokalemia based 
upon the patient's status. The average tota! daily dosage must be 
governed by the patient's response as determined by frequent 
evaluation of serum electrolytes, EKG and clinical status. 


Overdosage: Potassium intoxication may result from overdosage 
of potassium or from therapeutic dosage in conditions stated 
under "'Contraindications." Hyperkalemia, when detected, must 
- owe immediately because lethal levels can be reached in a 
ew hours. 


Treatment of Hyperkalemia: 1. Dextrose solution, 10 or 25% 
containing 10 units of crystalline insulin per 20 g dextrose, 
given IV in a dose of 300 to 500 ml in an hour. 2. Adsorption and 
exchange of potassium using sodium or ammonium cycle cation 
exchange resins, orally and as retention enema.. (Caution: 
Ammonium compounds should not be used in patients with 
hepatic cirrhosis.) 3. Hemodialysis and peritoneal dialysis. 

4. The use of potassium-containirg foods or medicaments must 
be eliminated. In digitalized patients too rapid a lowering of 
plasma potassium concentration can cause digitalis toxicity. 


How Supplied: Klorvess Effervescent Tablets (white) —60 tablets 
(2 Rx units of 30 effervescent tablets each). Each tablet is indi- 
vidually foil wrapped. Klorvess (potassium chloride) 10% Liquid 
(dark red)—as a cherry-with-pit flavored liquid in pint and gallon 
bottles. Klorvess Tablets and Liquid are also available in institu- 
tional packaging as follows: Klorvess Tablets—30 and 1000 
tablets; Klorvess Liquid—36 (3 x 12) x 4 oz Unit-of-Use bottles 
and 100 (4 x 25) x 15 ml Unit-Dose bottles. 
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Division of Sandoz, Inc. 
LINCOLN, NEBRASKA 68501 BD--B 
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*INDICATIONS — Based on a review of this 
drug by the National Academy of Science- 
National Research Council and/or other in- 
formation. FDA has classified the indication 
as follows: 


"Possibly" effective: For long-term therapy 
of chronic angina pectoris. Prolonged 
therapy may reduce the frequency or elim- 
inate anginal episodes, improve exercise 
tolerance, and reduce nitroglycerin require- 
ments. The drug is not intended to abort the 
acute anginal attack. 


Final classification of the less-than-effective 
indications requires further investigation. 


CONTRAINDICATIONS—No 
specific contraindications are 
known, 


PRECAUTIONS—Since exces- 
sive doses can produce pe- 
ripheral vasodilation, the drug 
should be used cauttously in 
patients with hypotension. 


ADVERSE REACTIONS— 
Adverse reactions are minimal 
and transient at recommended 
dosages. Instances of head- 
ache, dizziness, nausea, flush- 
ing, weakness Or syncope, mild 
gastrointestinal distress and 


skin rash have been noted dur- 
ing therapy. Rare cases of what 
appeared tobe an aggravation 
of angina pectoris have been 
reported, usually at the initia- 
tion of therapy. On those un- 
common occasions when ad- 
verse reactions have been 
persistent or intolerable, with- 
drawal of medication has been 
followed promptly by cessation 
of undesirabie symptoms. 


DOSAGE AND ADMINISTRA- 
TION—The recommended dos- 
age is 50 mg 2 tablets) three 


p. ag 
E The art of the heart... 


times a day, taken at least one 
hour before meals. In some 
cases higher doses may be nec- 
essary but a significantly 
increased incidence of side 
effects is associated with in- : 
creased dosage. Clinical re- 
sponse may not be evident be- 
fore the second or third 

month of continuous therapy. 
Tablets of 25 mg 

For complete details, please see 
the full prescribing information. 
Boehringer Ingelheim 


Boehringer Ingelheim Ltd. 
Ridgefield, CT 06877 
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"Greek Heart". 19th century 
Greek ex-voto heart from 
Mykonos. 





Persantine is a non-nitrate 
coronary vasodilator, with 

no known contraindications, 
for the long-term therapy 

of chronic angina pectoris" 4 
The key to Persantine efficacy: 
give enough...long enough. 














AUGUST 1978 


The American Journal of CARDIOLOGY" 


VOLUME 42 


NUMBER 2 


CONTENTS 





CLINICAL STUDIES 


167  Thallium-201 Myocardial Perfusion Scintigraphy to Evaluate Patients After Coronary Bypass Surgery 


BARRY H. GREENBERG, RICHARD HART, ELIAS H. BOTVINICK, JEFFREY A. WERNER, 
BRUCE H. BRUNDAGE, DAVID M. SHAMES, KANU CHATTERJEE and WILLIAM W. PARMLEY 


In this evaluation of 27 patients after coronary bypass surgery, thallium-20 1 stress scintigraphy proved valuable 
when used alone in documenting the surgical results. It showed good sensitivity (77 percent), was highly specific 
for the diagnosis of coronary stenosis and was significantly more specific than the symptom of chest pain, giving 
excellent localizing information and adding to the accuracy of stress tests. In this series stress scintigraphy iden- 
tified 50 percent of all instances of stenotic grafts or native vessels, or both. These results confirm that postop- 
erative imaging can be used alone to predict accurately the extent of revascularization and graft patency. 


177 Serial Myocardial Scintigraphy After a Single Dose of Thallium-201 in Men After Acute Myocardial 
Infarction 


THOMAS C. SMITHERMAN, ROGER C. OSBORN, Jr. and KENNETH A. NARAHARA 


Studying the patterns of thallium-20 1 redistribution into perfusion defects when serial scintigraphy is carried out 
immediately after myocardial infarction, the investigators found that such serial myocardial imaging can over- 
come some of the limitations of a single thallium-201 scintigram and help delineate ischemic from infarcted 
myocardium in the postinfarction period. Fourteen patients with a diagnosis on admission of probable acute 
myocardial infarction received thallium-201 a mean of 1.3 hours after admission to the coronary care unit. Imag- 
ing began 10 minutes after the thallium injection and was repeated 4 to 8 hours later. Results of scintigraphy with 
technetium-99m stannous pyrophosphate performed 3 to 7 days after admission were compared with those of 
thallium-201 scintigrams. Regardless of the direction of change in thallium-201 uptake between the serial stud- 
ies, the thallium-201 defect seen in the repeat or reperfusion study corresponded most closely to the area of in- 
farction defined with the pyrophosphate scan. The most likely explanation for these results is that transiently 
ischemic but not dead myocardium slowly extracted thallium-201 from the small amount of isotope present in 
the circulating blood during the 4 to 8 hour interval between the two scans. 


` 183 Results of Aortocoronary Bypass Grafting in Patients With Subendocardial Infarction: Late Follow-Up 


AGOP AINTABLIAN, ROBER |. HAMBY, DANIEL WEISZ, IRWIN HOFFMAN, CHOUDARY VOLETI and 
B. GEORGE WISOFF 


These operative results in 28 patients with subendocardial infarction followed up postoperatively for a mean pe- 
riod of 29 months show that the mortality and perioperative morbidity in this group are no different from those 
of an equal number of patients with unstable or stable angina. The majority of patients were asymptomatic after 
surgery, and there were no hospital or late deaths. The ventricular contractile pattern improved in 37 percent of 
the patients, an incidence rate identical with that of the group with stable angina. 
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187 


Intraoperative Evaluation of the Functional Significance of Coronary Collateral Vessels in Patients 
With Coronary Artery Disease 


WILLEM FLAMENG, FRANZ SCHWARZ and FRITZ W. HEHRLEIN 


Intraoperative coronary hemodynamic studies in 65 patients undergoing aortocoronary bypass grafting show that 
under basal conditions a coronary stenosis must be at least 80 percent to be hemodynamically significant. Well 
developed collateral vessels produce in a completely occluded coronary artery hemodynamic changes that sim- 
ulate those of a 90 percent coronary stenosis without collateral vessels. The data also demonstrate that coro- 
nary collateral vessels, identified angiographically as significant, compensate only partially for the coronary ob- 
struction. 


193 Effect of Coronary Stenosis on Myocardial Function, Ultrastructure and Aortocoronary Bypass Graft 


Hemodynamics 


FRANZ SCHWARZ, WILLEM FLAMENG, KLAUS-ULRICH THIEDEMANN, WOLFGANG SCHAPER and 
MARTIN SCHLEPPER 


This study in 70 patients with coronary artery disease showed no significant reduction of mechanical function 
and myocardial ultrastructure until 79 percent coronary artery stenosis occurred. With 80 to 89 percent stenosis, 
poststenotic vasodilation fully compensated for the stenosis. At 90 to 99 percent stenosis, vasodilatory compen- 
sation was inadequate, regional function decreased, degenerative ultrastructural alterations appeared and the 
fibrotic content of the myocardium increased. With complete occlusion compensation was ineffective, and se- 
vere loss of function and extensive scars developed. These results suggest that severe coronary lesions cause 
sequential changes in the morphologic features and function of the poststenotic myocardium and in themselves 
are an indication for operation. 


202 Risk Stratification After Acute Myocardial Infarction 


211 


J. THOMAS BIGGER, Jr., CAREN A. HELLER, THOMAS L. WENGER, and FRANCIS M. WELD 


In this study of 100 patients with acute myocardial infarction who lived 10 days after hospital admission and 
agreed to participate, the incidence of cardiac death in the 6 months after hospital discharge was almost four 
times greater than in the subsequent 6 months. Evaluating the predictive significance of variables for cardiac 
death within 6 months of acute myocardial infarction, these investigators did not find age a good predictor of 
early posthospital death after infarction. In descending order the univariates with the strongest association with 
mortality were blood urea nitrogen level, serum creatine level, serum uric acid level, enlarged heart 2 weeks 
after infarction, ventricular tachycardia 2 weeks after infarction, peak serum creatine kinase level and left ven- 
tricular failure in the coronary care unit. The odds of dying in the presence of one or more of these univariates 
are presented. 


Clinicopathologic Analysis of Cardiac Dysfunction in 52 Patients With Sickle Cell Anemia 


JOSEPH L. GERRY, Jr., BERNADINE H. BULKLEY and GROVER M. HUTCHINS 


These data in 52 autopsy patients with sickle cell anemia do not support the concept of a specific "sickle cell 
cardiomyopathy” but indicate that cardiac dysfunction in such patients is due to the adverse effects of coexisting 
disease on the diminished cardiac reserve resulting from the chronic anemia. The average age of the patient at 
death was 17 years. Renal failure and infection were the most common causes of demise. Seventeen of the 52 
patients had clinical evidence of congestive heart failure before death. Hypertensive cardiovascular disease as- 
sociated with renal failure, cor pulmonale secondary to pulmonary hypertension and changes in blood volume 
associated with pregnancy and transfusion therapy explained most episodes of congestive heart failure in this 
study. 


Continued on page A17 
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Hygroton 50:9 one a day 


(chiorthalidone USP) 


Blocks sodium retention longer 





In the hypertensive patient, 1.06 grams of 
retained sodium* can cause a 300 ml. expan- 
sion of fluid volume, which can increase blood 
volume by 100 ml., or 2%. 


A chronic 296 increase in blood volume can 
lead to as much as a 24 to 46 mm. Hg 
increase in diastolic blood pressure. * 


Diuretics reduce blood pressure by blocking 

the renal retention of sodium and water. To 
assure continuous control of hypertension, many 
leading medical authorities have concluded that 
this action should be sustained around the clock ^? 


Hygroton blocks sodium retention longer than any 
other diuretic available. 


In practice, Hygroton once-a-day assures sim- 
plicity, convenience and compliance without sacri- 
ficing 24-hour natriuretic activity. 


Hygroton 505i aaay 


(chiorthalidone USP) 


Blocks sodium 
retention longer 


AMEUS USV Laboratories Inc. 


LABORATORIES Manati, PR. 00701 


*All values given in this example are approximations based on standard 
physiologic data and solute-volume relationships. 








*From a baseline of 80 mm. Hg diastolic. 





BRIEF SUMMARY 
Indications: Hypertension, adjunctive therapy in edema. 


Contraindications: Anuria, hypersensitivity to chlorthalidone or 
other sulfonamide-derived drugs. 


Warnings: Should be used with caution in severe renal disease, 
impaired hepatic function or progressive liver disease. May add to 
or potentiate the action of other antihypertensive drugs. Sensitivity 
reactions may occur in patients with a history of allergy or 
bronchial asthma. Thiazides cross the placental barrier and 
appear in cord blood. Use in pregnant women requires that the 
anticipated benefits of the drug be weighed agains: possible 
hazards to the fetus. These hazards include fetal or neonata! 
jaundice, thrombocytopenia, and possibly other adverse 
reactions which have occurred in the adult. In nursing mothers, 
thiazides cross the placental barrier and appear in breast milk. If 
use of the drug is essential, the patient should stop nursing. 


Precautions: Periodic determination of serum electrolytes to 
detect possible electrolyte imbalance should be performed at 
appropriate intervals. All patients receiving chlorthalidone should 
be observed for clinical signs of fluid or electrolyte imbalance; 
namely, hyponatremia, hypochloremic alkalosis, and 
hypokalemia. Serum and urine electrolyte determinations are 
particularly important when the patient is vomiting excessively or 
receiving parenteral fluids. Medication such as digitalis may also 
influence serum electrolytes. Hypokalemia may develop with 
chlorthalidone as with any other potent diuretic, especially with 
brisk diuresis, when severe cirrhosis is present, or during 
concomitant use of corticosteroids or ACTH. Interference with 
adequate oral electrolyte intake will also contribute to 
hypokalemia. Digitalis therapy may exaggerate metabolic effects 
of hypokalemia especially with reference to myocardial activity. 
Any chloride deficit is generally mild and usually does not require 
specific treatment except under extraordinary circumstances (as 
in liver disease or renal disease). Dilutional hyponatremia may 
occur in edematous patients in hot weather. Hyperuricemia may 
occur or gout be precipitated in certain patients. Insulin 
requirements in diabetic patients may be increased, decreased, 
or unchanged and latent diabetes mellitus may become manifest. 
Chlorthalidone and related drugs may increase the 
responsiveness to tubocurarine. The antihypertensive effects of 
the drug may be enhanced in the postsympathectomy patient. 
Chlorthalidone and related drugs may decrease arterial 
responsiveness to norepinephrine. If progressive renal 
impairment becomes evident, as indicated by a rising nonprotein 
nitrogen or blood urea nitrogen, a careful reappraisal of therapy is 
necessary with consideration given to withholding or 
discontinuing diuretic therapy. Chlorthalidone and related drugs 
may decrease serum PBI levels without signs of thyroid 
disturbance. 


Adverse Reactions: Anorexia, gastric irritation, nausea, vomiting, 
cramping, diarrhea, constipation, jaundice (intrahepatic 
cholestatic jaundice), pancreatitis; dizziness, vertigo, 
paresthesias, headache, xanthopsia: leukopenia, 
agranulocytosis, thrombocytopenia, aplastic anemia; purpura, 
photosensitivity, rash, urticaria, necrotizing angiitis (vasculitis) 
(cutaneous vasculitis), Lyell's syndrome (toxic epidermal 
necrolysis). Orthostatic hypotension may occur anc may be 
aggravated by alcohol, barbiturates or narcotics. Other adverse 
reactions include hyperglycemia, glycosuria, hyperuricemia, 
muscle spasm, weakness, restlessness, impotence. Whenever 
adverse reactions are moderate or severe, chlorthalidone dosage 
should be reduced or therapy withdrawn. 


Usual Dose: One tablet daily. 


How Supplied: Tablets— 100 D (w white, scored) and 50 mg. 
(aqua) in bottles of 100 and 1000; PAKs of 28 Gre boxes of 6; 
unit-dose blister packs, boxes of 100 (10 x 10 strips). 
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1. Guyton, A.C.: Regulation of arterial pressure: Il. The renal-body 
fluid system for long-term pressure control. Mechanisms of 
hypertension, in Textbook of Medical Physiology, Philadelphia, 
Saunders, 1976, p. 281. 2. Kaplan, N.: Treating hypertension: The 
results are in, in Mandates Hypertension (Ka Pa N.M., ed.), 

New York, Medcom, 1976, p. 6. 3. Finnerty, F.A., Jr.: Hypertension: 
The Continuing Challenge, Scientific Exhibit, Meeting of AAFP, 
Boston, Mass., Sept. 20-23, 1976. 4. Fries, E.D.: The treatment of 
hypertension: Why, when and how, in Hypertension Manual 
(Laragh, J.H., ed.), 'New York, Dun- -Donnelley, 1974. p. 751. 


5. Tarazi, RC. Modern concepts in diuretic therapy, Postgrad. 
Med. 56:37, 1974 p zi 9 
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EXPERIMENTAL STUDIES 


217 Prolonged Protective Effect of Propranolol on Hypoxic Heart Muscle 
WINIFRED G. NAYLER, CARMEN E. YEPEZ, ELISABETH FASSOLD and ROBERTO FERRARI 


Perfused propranolol-treated rabbit hearts subjected to hypoxia released creatine kinase and myoglobin more 
slowly, had a lower rate of increase of resting tension, maintained better mitochondrial respiratory activity and 
had a relatively slower rate of mitochondrial Ca* *-accumulating activity than control rabbit hearts. This protec- 
tive effect of propranolol pretreatment, persisting up to 72 hours after the last dose of propranolol, was not ac- 
companied by a change in tissue level of adenosine triphosphate, creatine phosphate or glycogen. These results 
favor the existence of a long-term protective effect of propranolol and support the concept of secondary conse- 
quences of beta adrenoreceptor blockade. This protection may be due partly to either reduced tyrosine hydrox- 
ylase activity or a protective effect on mitochondria, particularly with respect to Ca* *-accumulating activity. 


226 Beneficial Effects of Propranolol and Digitalis on Contraction and S-T Segment Elevation After Acute 
Coronary Occlusion 


SURRENDER RAINA, VIDYA S. BANKA, KODANGUDI RAMANATHAN, MONTY M. BODENHEIMER and 
RICHARD H. HELFANT 


These experimental data obtained in 22 open chest dogs indicate that the combination of propranolol and digital- . 


is favorably affects both tension and S-T segment abnormalities after acute coronary occlusion. In the nonisch- 
emic zone, all tension measurements decreased significantly after the administration of propranolol. This effect 
was readily reversed to near prepropranolol levels by ouabain administration. In the border zone all tension mea- 
surements decreased significantly after coronary ligation and decreased further after the administration of pro- 
pranolol but increased after ouabain infusion. Central ischemic zone tension was unaffected by either agent 
alone or in combination. To the degree that these experimental data can be extrapolated to man, they support 
the utility of adding digitalis to the regimen when propranolol therapy is considered advisable in patients with 
acute coronary heart disease. They also suggest that digitalis may be efficacious in propranolol-treated patients 
with acute coronary heart disease who subsequently exhibit impending or overt left ventricular failure. 


234 Regional Redistribution of Myocardial Blood Flow After Coronary Occlusion and Reperfusion in the 
Conscious Dog 


FRANCIS C. WHITE, MAX SANDERS and COLIN M. BLOOR 


x 


Using radiolabeled microspheres to study regional myocardial blood flow in conscious dogs after occlusion and 
after occlusion and reperfusion, these investigators observed that blood flow within a developing myocardial in- 
farct is redistributed during the first few hours after occlusion, but that total and regional reflow measured soon 
after reperfusion are poor predictors of the extent of tissue salvage. The extent of collateral circulation at the 
time of occlusion is a major determinant of the extent of the ensuing infarct after both permanent occlusion and 
reperfusion. After permanent coronary occlusion, the regional myocardial blood flow during the first few hours 
after occlusion correlated highly with the extent of necrosis several days later. However, in the reperfused myo- 
cardium this relation became more complicated. These data suggest that the initial amount of collateral flow re- 
ceived by the ischemic myocardium together with the work demand on the myocardium at the time are the most 
important predictors of subsequent tissue viability. 


244  Servocontrolled Cardiac Assistance: The Effects of Left Ventricular to Aortic and Left Atrial to Aortic 
Assistance on Infarct Size 


HILLEL LAKS, RICHARD A. OTT, JOHN W. STANDEVEN, JOHN W. HAHN, OLGA M. BLAIR and 
VALLEE L. WILLMAN 


e 


Left ventricular to aortic assistance proved superior to left atrial to aortic assistance in salvaging ischemic myo- 
cardium after the production of myocardial infarction by occlusion of the proximal left anterior descending coro- 
nary artery in dogs. A servocontrolled roller pump used to control pump speed according to left atrial pressure 
allowed reduction of left ventricular pressure to 38 percent of systemic levels and provided stable bypass for 
prolonged periods. Clinical application to patients after cardiac surgery is feasible. 


Continued on page A18 
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Early Quantification of Experimental Myocardial Infarction With Technetium-99m Glucoheptonate: 
Scintigraphic and Anatomic Studies 


DANIEL R. ALONSO, JEROME G. JACOBSTEIN, PAUL R. CIPRIANO, ARTHUR J. ROBERTS, 
MARIA L. ALONSO and SUSAN A. KLINE. With the technical assistance of EMILIO CAMPO and 
CAROLYN PAVLICK 


Myocardial infact scintigraphy using technetium-99m glucoheptonate in 45 dogs with acute myocardial infarc- 
tion revealed that scintigraphic infarct size correlated with infarct weight in anterior and inferior infarcts. Tech- 
netium-99m glucoheptonate also concentrated in a rim of myocardium around the infarct that probably repre- 
sented the ischemic zone. Hyperosmotic mannitol perfusion and reperfusion greatly increased the uptake of 
technetium-99m glucoheptonate by the infarcted myocardium. This technique consistently detects early canine 
infarcts and provides a reliable estimate of their size by 6 hours after coronary occlusion. 


. PEDIATRIC CARDIOLOGY 


. 259  Echocardiographic Features of Congenital Mitral Stenosis 


DAVID J. DRISCOLL, HOWARD P. GUTGESELL and DAN G. McNAMARA 


In this study of patients with congenital mitral stenosis, the echocardiographic findings included diastolic anterior 
motion of the posterior leaflet of the mitral valve, absence of the A wave and reduction of the E-F slope. Diastolic 
vibration of the mitral leaflets occurred in 21 of the 30 patients with mitral stenosis and in 8 of the 145 normal 
children but in none of the patients with coarctation of the aorta. Patients with severe mitral stenosis tended to 
have a greater decrease in E-F slope and exhibited abnormal motion of the posterior mitral leaflet more fre- 
quently than patients with only mild or moderately severe mitral stenosis. The mitral valve echogram was more 
useful in detecting the presence of congenital mitral stenosis than in determining the precise anatomy or severi- 
ty of the mitra! valve lesion. 


REPORTS ON THERAPY 


267 Combined Nitroprusside-Dopamine Therapy in Severe Chronic Congestive Heart Failure. Dose- 
Related Hemodynamic Advantages Over Single Drug Infusions . 


DALE R. STEMPLE, JAY H. KLEIMAN and DONALD C. HARRISON 


Comparing the maximal hemodynamic improvement achieved with optimal doses of nitroprusside and dopamine 
singly and in combination in 13 patients with severe cardiac decompensation, these investigators show that the 
combination produced a significantly greater increase in cardiac output and physiologic improvement in overall 
circulatory function than either agent alone. The effect of these drugs on cardiac output is mediated largely by 
a change in systemic vascular resistance. In these patients cardiac output was quite sensitive to changes in im- 
pedance and relatively insensitive to changes in left ventricular filling pressure. These observations explain the 
effectiveness of nitroprusside in improving circulatory function and suggest that patients responding inadequate- 
ly to higher infusion rates of dopamine may benefit more from the addition of a vasodilator agent to their therapy 
than from a further increase in the rate of dopamine infusion. According to these results, combined dopamine 
and nitroprusside therapy provides an excellent method of reversing refractory congestive heart failure in appro- 
priately selected patients. 


276 Human Electropharmacology of Tocainide, a Lidocaine Congener 


LEONARD N. HOROWITZ, MARK E. JOSEPHSON and ARDESHIR FARSHIDI 


In 10 patients with coronary artery disease, intravenously administered tocainide at blood levels effective 
against ventricular arrhythmias caused no statistically significant changes in sinus nodal recovery time, sinoatri- 
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Introducing Burdick s new ExTOL...the coordinated 
Exercise Tolerance System. Now from one source, the in- 
strumentation components necessary to better detect clin- 
ically unsuspected or "silent" coronary disorders. All built, 
and backed, by Burdick, with the same quality that has made 
Burdick a leader in medical instrumentation for more 
than 60 years. The ExTOL System includes: 

Burdick's new TMS-300 Treadmill. A treadmill that 
lets you start your patient testing sequence at zero miles per 
hour; an important contribution to patient safety, especially 
the older patient. Infinitely variable speed control 0-7 miles 
per hour. Elevation to a maximum of 25% grade. Wide 
walking belt area for an extra margin of safety. Durable, 
curl-resistant heavy polyester belt tracks well. Remote con- 
trol unit with digital timer and ECG start/stop control for 
automatic-start ECG instruments. Speed-setting caution 
indicator for added safety. 

EK-6 3-Channel Electrocardiograph. Complete 12- 
lead ECGs in 10 seconds. 
Automatic lead marking. Lead 


BURDICK 


Exercise Tolerance System 
helps track down coronary disorders. 


lengths, selection, standardizations, sensitivity settings, 
paper speed, and lead check can be automatically con- 
trolled. Heated styli and new BlueTrace paper produces 
clear, accurate, smudge-free ECG tracings. 

New CS-625 Monitor/Heart Rate Meter. Viewing 
screen projects non-fade ECG display with freeze 
frame capability. Clear, easy-to-read, digital heart rate 
meter with range from 12-240 beats per minute. Heart-rate- 
limit alarm available. 

DC-170 Defibrillator. Designed with the patient's and 
operator's safety in mind, simple operation. Energy levels 
from 5-400 joules in easy-to-select detented positions. 

Install EXTOL, Burdick' s Exercise Tolerance System. If 
you want accurate test results and control of the test se- 
quence, you want Burdick. ExTOL components also avail- 
able separately if you want to update your present system. 

For a demonstration or more information, call toll- 
free 800-356-0701. Within Wisconsin: 608-868-7631. Or 
write The Burdick Corporation, 
Milton, Wisconsin 53563. 


The instrumentation described above for sale 


Ju mM c VET to and use by professional personnel only 
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al conduction time, intraatrial conduction time, atrial, atrioventricular (A-V) nodal and ventricular refractory peri- 
ods or intraventricular conduction time. Similarly, no adverse effects on A-V conduction were observed in pa- 
tients with an intraventricular conduction disturbance or a prolonged control H-V interval. These results are not 
surprising because the effects of tocainide in suppressing enhanced automaticity may be exerted through alter- 
ations of membrane responsiveness, local conduction and refractoriness, alterations that cannot be assessed 
with electrophysiologic testing in man. 


- 281 Recurrent Cardiac Tamponade and Large Pericardial Effusions: Management With an Indwelling 
| Pericardial Catheter 


JEANNE Y. WEI, GEORGE J. TAYLOR and STEPHEN C. ACHUFF 


Satisfactory expriences in three patients illustrate the value of a new safe technique using an atraumatic indwell- 
ing catheter for the short-term management of large or rapidly reaccumulating pericardial effusions. This tech- 
nique permits continuous pericardial fluid drainage, provides a convenient route for intrapericardial instillation 
of chemotherapeutic agents and may eliminate the need for surgery. This catheter system is superior to small 
bore tubing inserted through the aspiration needle because the catheter is larger, the multiple side holes make 
occlusion by viscous or hemorrhagic fluid less likely and the curved end is less likely to lacerate epicardial coro- 
nary vessels or provoke cardiac arrhythmias. 


REVIEWS 


283 Discrete Subaortic Stenosis in Adults 


CHUNG-SHIN SUNG, EVERETT C. PRICE and DENTON A. COOLEY 


Of 138 patients operated on for discrete subaortic stenosis, only 36 patients (26 percent) in this series were 
adults. The adult group had a high incidence rate of associated cardiac defects and bacterial endocarditis, and 
more adults than children were symptomatic. In patients without aortic regurgitation, the clinical findings were 
similar to those in patients with aortic valve stenosis. A systolic murmur, narrow pulse pressure and delayed and 
prolonged carotid upstroke were common findings. The usual criteria for diagnosis, localization of the gradient 
below the aortic valve at cardiac catheterization or angiographic demonstration of discrete subaortic stenosis, 
are not always evident. Echocardiography may help in the diagnosis by demonstrating early systolic closure of 
the aortic valve leaflets. Operative results in this group of patients indicate that discrete subaortic stenosis is not 
always easily relieved surgically. However, patients with a localized membrane and no other heart defects oper- 
ated on early in life appear to have a better chance for excellent long-term results. 


DIAGNOSTIC SHELF 


Diagnosis of Dissecting Aortic Aneurysm With Suprasternal Echocardiography 


WOLFGANG KASPER, THOMAS MEINERTZ, FRIEDRICH KERSTING, KLAUS LANG and HANJORG JUST 


This interesting case report illustrates how the use of the suprasternal approach improved the echographic diag- 
nosis of aortic arch dissection in a 33 year old woman with Marfan’s syndrome and this complication. With su- 
prasternal echocardiography it was possible to visualize within the aortic lumen an m-shaped pattern—the aor- 
tic intimal flap—moving downward to the posterior aortic wall during systole. In an interesting variant, the non- 
coronary cusp showed a marked bulging toward the posterior wall, suggesting involvement of the aortic valve 
ring by dissection. The echocardiographic findings were confirmed with aortic cineangiography and the intraop- 
erative findings. Suprasternal echocardiography is of diagnostic value for two reasons: (1) It allows detection of 
isolated aortic arch dissection, and (2) in cases of extended dissection beginning in the ascending aorta, it can 
demonstrate involvement of the aortic arch. 


Continued on page A22 
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SENOKOT-S | 


(standardized senna concentrate 
and dioctyl sodium sulfosuccinate) 





the “S” stands for softener e 


For patients with hard, dry stools 
Hard, dry stools hurt, and may be hazardous 

` by causing straining. SENOKOT-S Tablets offer 
comfortable relief by softening the stool and 
stimulating its movement. 
Provides standardized senna concentrate, 
a clinically established laxative of choice 
Standardized senna concentrate is a gentle, 
effective neuroperistaltic stimulant with documented 
effectiveness in thousands of patients. Its virtually 
colon-specific, gentle, predictable action is generally 
free of side effects at proper dosage levels. 


Purdue Frederick 
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Provides DSS, the classic stool softener 
DSS in SENOKOT-S Tablets complements the E 
laxative effect of standardized senna concentrate 3 
by "moistening" and softening the stool for E; 
smoother and easier passage. a 
Comfortable overnight action E 
Witn DSS and standardized senna concentrate, 
SENOKOT-S Tablets provide both softness and 
stimulation for constipated patients with hard, dry | 
stools. Taken at bedtime, SENOKOT-S Tablets 2d 
usually induce predictable, comfortable evacuation m 
the next morning. 
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CASE REPORTS 


Systemic Hypertension Complicating Tetralogy of Fallot: Effects of Antihypertensive Therapy 


WILLIAM BENGE and CARL W. WHITE 


This interesting case illustrates the hemodynamic contribution of increased systemic vascular resistance in te- 
tralogy of Fallot and the need for extreme caution if aggressive antihypertensive therapy is attempted before the 
cardiac lesion is surgically corrected. The intravenous administration of nitroprussides for 5 minutes to decrease 
the elevated systolic pressure to normal during cardiac catherization precipitated severe systemic oxygen de- 
saturation and loss of consciousness in a previously acyanotic 20 year old woman with tetralogy of Fallot, an as- 
sociated atrial septal defect, severe hypertension and congestive heart failure. After surgical correction of the 
cardiac anomaly, the patient tolerated antihypertensive therapy well. 


Shunt Flow and Pulmonary Hemodynamics During Labor and Delivery in the Eisenmenger Syndrome 


JAY MIDWALL, HERBERT JAFFIN, MICHAEL V. HERMAN and JOEL KUPERSMITH 


Physiologic and pharmacologic studies during labor and delivery in a 28 year old woman with the Eisenmenger 
syndrome showed that contractions of the uterus were associated with a decrease in the ratio of pulmonary to 
systemic blood flow (Qp/Qs) from 1.58 to 1.05 and to 0.83 when forceps were applied during the contractions. 
Therapeutic abortion is usually advisable in pregnant patients with the Eisenmenger syndrome. However, when 
pregnancy cannot be terminated in such a patient, she should be given high concentrations of oxygen and epidu- 
ral anesthesia, and serial arterial blood gas determinations should be performed to detect changes in shunt flow 
during delivery. 


Effect of Propranolol on Fetal Tachycardia in Diabetic Pregnancy 


ARTHUR TEUSCHER, EMILIO BOSSI, PETER IMHOF, ERHARD ERB, FRANCO P. STOCKER and 
JANN W. WEBER 


A daily dose of 160 mg of propranolol administered to a pregnant diabetic mother during the last 20 days of preg- 
nancy reduced fetal tachycardia from 200 beats/min to 120 to 160 beats/min. During Cesarean delivery the 
child's neonatal blood level of propranolol was 20 percent of the maternal sample, which is greater than expect- 
ed on the basis of animal experiments. Propranolol proved essential in maintaining a normal heart rate when the 
infant manifested postpartum paroxysmal supraventricular tachycardia. The cause of this tachycardia is un- 
known. No serious side effects occurred, although thrombocytopenia was noted at age 1 hour. The platelet count 
became normal within 1 week. 


CONTROVERSIES IN CARDIOLOGY 


Value of Coronary Bypass Surgery. Controversies in Cardiology: Part I 


J. WILLIS HURST, SPENCER B. KING Ill, R. BRUCE LOGUE, CHARLES R. HATCHER, Jr., ELLIS L. 
JONES, JOE M. CRAVER, JOHN S. DOUGLAS, Jr., ROBERT H. FRANCH, EDWARD R. DORNEY, B. 
WOODFIN COBBS, Jr., PAUL H. ROBINSON, STEPHEN D. CLEMENTS, Jr., JOEL KAPLAN and 
JAMES M. BRADFORD 


There is sufficient scientific evidence that properly performed coronary bypass surgery will increase coronary 
blood flow, relieve angina pectoris completely in 60 percent and partially in 30 percent, and prolong the life of 
patients with obstruction of the left main artery, or triple or double vessel disease. Although there is no adequate 
evidence that such surgery will prolong the life of patients with single vessel obstruction, such individuals with 
unacceptable angina pectoris should be considered for bypass surgery, particularly those with obstruction of the 
left anterior descending coronary artery. A skilled surgical team operating on the appropriate patients may be 
expected to achieve a 1 percent hospital mortality rate, complete revascularization, a graft patency rate of 90 
percent, a 4 to 6 percent perioperative infarction rate and a 90 to 95 percent 5 year cumulative patient survival 
rate. Because coronary bypass surgery increases coronary blood flow and propranolol decreases the oxygen 
requirement of the myocardium, it is appropriate and wise to use both in the same carefully selected patients. 


Continued on page A24 
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Pacesetter’s Reliability 
Although your patient may never be adrift in the Your Pacesetter representative will be extremely 
"acific, wouldn't it be reassuring to know that his helpful in evaluating the proper pulse generators and 
xacemaker is the most reliable available? . . That lead systems to meet your patients’ needs. You'll find. ~ 


that all Pacesetter representatives are as reliable as 
our product — in offering outstanding service and 
technical support 24 hours a day. 


he manufacturer has an outstanding reputation 
or reliability and innovation in the industry? 


If you implant or recommend the use of one of 
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he Pacesetter lithium powered pulse generators, you 





To arrange for one of our people to show you the 


san rest assured that it will still be working year after complete Pacesetter picture call (toll free, of course) 
year. We guarantee it. Our reliability was engineered-in 800-423-5611 and ask for “Professional Service.” 
Kom the very first, not inspected-in afterward. We Where Reliability is a Way of Life! 

even offer the only lead warranty in the business. Years VONT RU 3d" 

»f trouble-free implants all over the world, in addition 12740 San tA du 91342 U.S.A. 
to stringent inspection and quality assurance procedures 1(800)423-5611 Telex: 69815 Cable: PACESETTER 


make these statements possible. In California call collect: (213) 367-191] 





330 Influence of Myocardial Revascularization on Survival. Controversies in Cardiology: Part Il 
C. RICHARD CONTI | 


Although coronary bypass surgery can evidently be performed with low rates of morbidity and mortality and 
successfully reduce or eliminate symptomatic angina pectoris, the available data do not prove that the procedure 
prolongs life, except possibly in patients with angina pectoris resulting from left main coronary stenosis. The degree 
of permanent ventricular impairment is the most important determinant of survival in medically treated patients. 
E. When the degree of ventricular impairment is small, survival can be favorably influenced in medically treated patients, 
E. even in those with multiple vessel coronary artery disease. Thirty-six months after patients have been rejected 

: for operation and treated medically, survival is significantly greater in patients with an ejection fraction of more 
than 35 percent than in those with an ejection fraction of less than 35 percent, regardless of the degree of coronary 
vessel involvement. A prospective long-term study of comparable patients is necessary if meaningful data are 
to be obtained to answer the important question of whether myocardial revascularization prolongs life. 
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Congestive Heart Failure, Cardiomegaly and Embolism in Ischemic Heart 
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1 
F 


* 


|. 836 American College of Cardiology News 


£^ 


dd T wv » 


NS 


Lo 


PO psg go 


EY CI EUR. S 


CC Up TEECRRETSDE T RE Tena CONTE RET ENCORE SEES 


= CIF 
ESR 


ESRT ETEN TTA 
SRi - ^u c. 
EA A 


mE 


EX ana 








ARDIOCASSET 
vanced Pocke 
ize Ambulatory 


ECG System....... 


Small size and long duration (a week or | 
ECG recorder ideal for determination o 
sient dyspnea, angina, cerebral isch 
arrhythmias, and for cardiac rehabilitatic 





Simple playback of programmed and 
recordings directly into office ECG unit. 
data processing equipment required. 


Patient activated mode and voice rec 
detection of ECG abnormalities and acc 
with symptoms or activity being investig 


Phone transmission directly from Cardio 
ECG receiver facilitates remote analysis 


For a demonstration or more informatic 
call collect. 





Patent Pending e. 


-Cardiodt 


Cardiodyne, Inc. 19282 Stevens ( 
Cupertino, CA 95014 (408)25 


VOC 


Angiographic Evidence of Pulmonary Embolus Dissolutio 





Abbott Laboratories 


announces 





Abbokinase 


Urokinase for In jection - p 


A unique thrombolytic agent for the 






management of acute massive pulmonary embolism 


Acute massive pulmonary embolism is a 
catastrophic phenomenon. It is esti- 
mated that between 140,000 and 200,000 
persons die each year as a result of 
pulmonary embolism. Previously, anti- 
coagulants or surgery have been the 


only measures available to the physician 


to combat this condition. 

The introduction of Abbokinase repre- 
sents a significant addition to the 
limited therapeutic armamentarium 
available for the management of acute 
massive pulmonary embolism. While 
not without risks, thrombolytic therapy 
has proven capable of producing rapid 
dissolution of pulmonary emboli with 
prompt improvement of hemodynamic 
parameters. 


A new generation of 
thrombolytic agents 

Abbokinase acts on the endogenous 
fibrinolytic system by converting 
plasminogen to the proteolytic enzyme, 
plasmin. Plasmin, in turn, degrades 
fibrin clots as well as fibrinogen and 
other plasma proteins.! The plasmin 

is rapidly inactivated by a variety of 
naturally occurring plasma inhibitors.? 
Since plasminogen is present in the 
thrombus/embolus, activation by 
Abbokinase occurs within the thrombus/ 
embolus as well as on its surface.? 


References 


Plasminogen 


Abbokinase 
Plasmin 
Fibrin (ogen) 


+ Soluble Degradation 
Products (FDP /fdp) 


Diagrammatic representation of the 
activation of plasminogen by Abbokinase, 
and the degradation of fibrin (ogen) 

by plasmin. 





Abbokinase is not a foreign protein. 
Originally derived from human urine, it 
is now obtainable from human kidney 
cells by tissue culture techniques 
developed by Abboit Laboratories. 

Unlike streptokinase, Abbokinase has 
been associated with few allergic 
responses. Induced antibody formation 
is not seen in intradermal tests. 

To make Abbokinase readily available 
throughout the U.S., it initially will be 
distributed from North Chicago, lllinois 
and 45 strategically located hospitals. 
For a copy of the ABBOKINASE 
REFERENCE MANUAL, please write 
Medical Services Depart- 
ment, Abbott Laboratories, 
Pharmaceutical Products 
Division, North Chicago, 
III. 60064. 8019241 





1. McNicol, G. P., The Fibrinolytic Enzyme System, Postgraduate Medicine, August, 1973 (supplement). 2. Aoki, N., 
et al, The Behavior of a 2-Plasmin Inhibitor in Fibrinolytic States, Journal of Clinical Investigation, 60:361-369, 1977. 
3. Chesterman, C. N., et al, Relationship of Plasminogen Activator to Fibrin, Nature (New Biol.), 238:15-17, 1972. 
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- Abbokir 
.. Urokinase for Inject 
v ! v ‘should anly be used by physicians with wide experience in the 
m management of thrombotic disease im hospitals where the recommended clinical and laboratory 
d monitoring (see WARNINGS. PRECAUTIONS and DOSAGE AND ADMINISTRATION) can be per- 





E .. ABBÜKIMASE lurokinase for in 


= formed. ' , 

~ When considering treatment with urokinase, the physician should carefully assess the overall 
= Clinical status and history of the patient. The hemostatic capability of the patient is more profoundly 
~ altered and bleeding more frequent with urokinase therapy than with heparin or oral coumarin anti- 
eH coagulant therapy. When bleeding occurs it is also more severe and more difficult to manage. The po- 
tential risk of serious hemorrhage relative to such factors as age. physical condition, and underlying 
. bleeding tendency of the patient (as described under WARNINGS and PRECAUTIONS) should be 

.. weighed against the potential benefits of treating the patient with urokinase. 


INDICATIONS 


a 


-= Pulmonary Embolism ' 
~ ABBOKINASE (urokinase for injection) is indicated in adults: | 
-for the lysis of acute massive pulmonary emboli, defined as obstruction or significant filling 
l defects involving two or more lobar pulmonary arteries or an equivalent amount of emboli in 
-— other vessels.? & Ae 
Eu for the lysis of pulmonary emboli accompanied by unstable hemodynamics, i.e., failure to main- 
- _ lain blood pressure without supportive measures. 
' . The diagnosis should be confirmed by objective means, preferably pulmonary arteriography. 
- . .. Urokinase treatment should be instituted as soon as possible after onset of pulmonary embo- 
' —  lism. and no later than five days after onset. Under these circumstances, angiographic and 
. .. hemodynamic measurements demonstrate a more rapid improvement during the first 24 hours of 
-therapy than with heparin therapy (Table |).’-° However, it has not been established that treatment 
- — With urokinase decreases morbidity or mortality, when compared to heparin therapy alone. 


< 
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a TABLE | 7 
EM UPET * USPET” * 

E í | 12-Hour 12-Hour 24-Hour 
E Heparin Urokinase Urokinase Urokinase 
^ - Change in angiographic 0.54 PL 78 1.66 1.76 

= Severity score based 
. On 4-point system 
estou era relative 8.3 24.1 20 29.2 ` 
P 4 ; 
= percentage perfusion 
- . defect on lung scans - 
Change in pulmonary — —11 —6.2 -7.28 —7.53 
~ . artery pressure « | 
5i |, (mmHg) aces Y. 
Change in cardiac —0.05 +0.02 +0.06 +0.30 


: index (\/min/m?) Fs | 

-  *Urokinase pulmonary embolism trial. 

TN ." *Urokinase-streptokinase pulmonary embolism trial. 

_ Evaluations were obtained between 18 and 30 hours after the start of therapy. After several days, 
~ there were no differences between the results in the heparin treated patients and those receiving 





| .- urokinase. 
= tAdapted trom (7). 

3 - CONTRAINDICATIONS — Because thrombolytic therapy increases the risk of bleeding, urokinase 
-.. is contraindicated in the following situations: 
= 1. Surgery within ten days. Liver or kidney biopsy, lumbar puncture, thoracentesis or paracen- 
= .  . tesis, extensive or multiple cutdowns should De considered surgical procedurés. 

— — 2. Intraarterial diagnostic procedure within ten days. 
E. 3. Ulcerative wound. 
— — — 4. Recent trauma with possibility of internal injuries. 
. . . 5. Visceral or intracranial malignancy. 
- . 6. Pregnancy and the first ten days of the post-partum period. 
= . T. Ulcerative colitis, diverticulitis or an actively bleeding lesion (or one with a significant poten- 
-  —- tial for bleeding) of the gastrointestinal or genitourinary tract. 
- . B. Severe hypertension. 

-— 9 Acute or chronic hepatic or renal insufficiency. 

-. 10. Uncontrolled hypocoagulable state, including one that may be caused by a coagulation factor 
BM bab e thrombocytopenia, spontaneous fibrinolysis, or another purpuric or hemorrhagic 
E disorder. j 

= 11. Chronic lung disease with cavitation, e.g., tuberculosis. 

- 12. Subacute bacterial endocarditis or rheumatic valvular disease. 

- . 13. Recent cerebral embolism, thrombosis or hemorrhage. Treatment with urokinase is contraindi- 
Gated for at least two months after cerebral embolism, thrombosis or hemorrhage because pa- 
ES tients with cerebral infarction remain at risk of bleeding into the infarcted tissue. - 

a ok 14. AH other condition in which bleeding might constitute a significant hazard or be particularly 
E difficult to manage because of its location. 

- The conditions listed above should not be regarded as absolute contraindications. Rather, the risk 
.- . of hemorrhage must be weighed carefully against the anticipated benefits of urokinase therapy in 
du . an individual PALME and the benefits and risks associated with the use of urokinase should be 
` .. compared to the benefits and risks associated with other forms of therapy. 


— WARNINGS 0 

ne . Blee ing | S. am s s 

= . Activation of the fibrinolytic system with urokinase results in a more profound altera- 
Cr tion of the hemostatic status of the patient than does anticoagulant Ups with 
X... heparin or coumarin agents. The aim of urokinase therapy is the production of suffi- 


3 


A . cient amounts of plasmin for the lysis of intravascular deposits of fibrin; however, 













-~ fibrin deposits which provide hemostasis, for example, at sites of needle punctures, 


.. &re also destined for lysis, and bleeding from such sites may occur. The possibility of 
“ez bruising or hematoma formation, especially with intramuscular injections, is high dur- 


= ing thrombolytic therapy. Unnecessary handling of the patient should be avoided. 





_ Strict attention should be given to this section and the CONTRAINDICATIONS sec- 

|. . tiom in order to minimize the risk of bleeding. 7 

y E Because of the high risk of hematoma formation, intramuscular injections must be avoided dur- 
.  . ing urokinase therapy, as with heparin therapy. Bleeding a! sites of recent invasive procedures 

.. may occur. Hence, arterial invasive procedures must also be avoided before and during treatment 

~ With urokinase. Should an arterial puncture be absolutely necessary, the femoral artery must be 

.. avoided and tne radial or brachial artery used. It should be done carefully by a physician ex- 

~ perienced in such a procedure. Pressure should be applied for at least 15 minutes, a pressure 







~ punctures should be performed as carefully and infrequently as possible. If the bleeding from an - 
-~ . Anvasive site is not serious, treatment may be continued with appropriate clinical observation. 








. dressing applied, and the puncture site checked frequently for evidence of bleeding. Also, veni- - 
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Local measures, i.e., pressure, should be initiated immediately. es el 

Spontaneous bleeding from internal sites (not accessible for pressure application) may also oc- 
cur. The risk of spontaneous bleeding is greater in patients with pre-existing hemostatic defects, 
e.g., patients with histories suggestive of prior bleeding problems, with or without demonstrable 
abnormalities in platelet count, prothrombin time, partial thromboplastin time, or bleeding time. 
Such patients should be assessed carefully before initiating treatment with urokinase. ? 

In addition to its fibrinolytic action, plasmin also degrades fibrinogen, Factor V, Factor VIII, and 
other proteins. The products of plasmin degradation of fibrinogen and fibrin (FDP/fdp) possess an 
anticoagulant effect. Bleeding may be difficult to contro! because of this anticoagulant effect. — 

Should serious spontaneous bleeding occur, the infusion of urokinase should be terminated im- 
mediately, and treatment instituted as described under ADVERSE REACTIONS. 


Predisposition to Cerebral Embolism 
Treatment with urokinase of patients with atrial fibrillation or other conditions in which there is 


possible risk of cerebral embolism may be hazardous because of the risk of bleeding into the in- 
farcted area. 


Use of Anticoagulants : 
Concurrent use of anticoagulants with urokinase is not recommended and may be hazardous. 
Before starting urokinase in patients being treated with heparin, the effects of heparin should be 
allowed to diminish with time. As a general rule, a thrombin time of Jess than twice the normal 
contro! value is adequate for starting urokinase infusions safely. Similarly, heparin should not be 
started following urokinase therapy until the thrombin time has returned to /ess than twice the 
normal control value. 

Rethrombosis has been observed after termination of urokinase treatment. In order to minimize 
this risk, the use of intravenous heparin followed by oral anticoagulant therapy is considered a 
necessary adjunct following urokinase therapy (see DOSAGE AND ADMINISTRATION). — 


Use in Pregnancy 
See CONTRAINDICATIONS. 


Use in Children 
Safety and effectiveness of urokinase therapy in children have not been established; therefore, 
treatment of such patients is not recommended. 


PRECAUTIONS 

Drug Interactions 

Concurrent use of drugs that may alter platelet function, e.g., aspirin, indomethacin, and 
phenylbutazone, should be avoided. The interaction of ABBOKINASE (urokinase for injection) with 
other drugs has not been studied. 

Laboratory Monitoring 
In patients who have received heparin, the thrombin time should be measured prior to starting © 
urokinase. (See WARNINGS.) Similarly, the thrombin time should be monitored following urokinase 
therapy prior to instituting heparin. (See DOSAGE AND ADMINISTRATION.) During urokinase ad- 
ministration, the levels of fibrinogen, plasminogen, Factor V, and Factor VIII are usually substan- 


tially diminished. Concomitantly, the level of fibrin(ogen) degradation products (FOP/fdp) is in- — — 


creased. The combination of reduced fibrinogen and increased FDP/fdp results in a prolongation of 
the thrombin time. While changes in any of these parameters may serve as confirmation of the ex- 
istence of a lytic state, no adjustment of dosage should be made on the basis of these test results. 


ADVERSE REACTIONS 
Incidence and Management . 


Strict observance of the contraindications, warnings, and precautions to the use of urokinase is es- 
sential to minimize the incidence and severity of adverse effects? 


BLEEDING 
Incidence 


Where thrombolytic agents (streptokinase and urokinase) were used in the same controlled clinical 
trial, severe bleeding (patients receiving a transfusion of greater than two units of blood) was seen 
in 4 and 6%, respectively. Several fatalities due to cerebral hemorrhage have occurred during 
urokimase therapy. | 

Less severe spontaneous bleeding has been observed during urokinase treatment at approx- 
imately twice the frequency as that occurring during heparin therapy. Oozing of blood from sites of 
percutaneous trauma is frequent, hence, all invasive procedures, especially arterial punctures and 
intramuscular injections must be avoided and intravenous punctures kept to a minimum before 
and during treatment with urokinase. 

A moderate decrease in hematocrit not accompanied by clinically detectable bleeding occurred 
in approximately one out of five patients treated with urokinase. 


Management of Severe Bleeding 

In case of serious bleeding, urokinase therapy must be discontinued. If blood loss has been large, 
packed red cells are indicated. Plasma volume expanders (other than Dextran) are indicated to 
replacesblood volume deficit. If only whole blood is available, it may also be used. Although the use 
of aminocaproic acid (ACA, AMICAR") in humans as an antidote for urokinase has not been docu- 
ME nk i be considered if the hemorrhage is unresponsive to blood replacement. (See 


ALLERGIC REACTIONS 


Although urokinase is a protein of human origin, and in vitro tests with the drug, as well as in- 
tradermal test in humans, gave no evidence of induced antibody formation, the possibility of 
serious allergic reactions (including anaphylaxis) occurring with its use cannot be excluded. 
Relatively mild allergic reactions, e.g., bronchospasm and skin rash, were feported rarely. 


FEVER 


Febrile episodes occurred in approximately two to three out of 100 patients. A cause and effect 
relationship has not been established. Symptomatic treatment is usually sufficient to alleviate dis- 
comfort. The use of acetaminophen rather than aspirin is recommended. 


DOSAGE AND ADMINISTRATION . 
Dosing 


ABBOKINASE IS INTENDED FOR INTRAVENOUS !NFUS!ON ONLY. 

A priming dose of 2,000 I.U./Ib (4,400 I.U./kg) of ABBOKINASE is given as the Abbokinase-Nor- 
mal Saline admixture over a period of ten minutes. This is followed by a continuous infusion of 
2,000 1.U./Ib/hr (4,400 I.U./kg/hr) of ABBOKINASE (given as the Abbokinase-Normal Saline ad- 
mixture) for 12 hours. The total volume of fluid administered should not exceed 200 ml. 

Administer ABBOKINASE (urokinase for injection) by means of a constant infusion pump that is 


capable of delivering a total volume of 195 ml. È 
Anticoagulation After Terminating Urokinase Treatment — 


At the end of urokinase therapy, treatment with heparin by continuous intravenous infusion is 


recommended. Heparin treatment should not begin until the thrombin time has decreased to /ess 
t nece the normal control value. See manufacturer's prescribing information for proper use of 
eparin. " v. 
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Inner-View No. 2 


A continuing educational series in Nuclear Cardiology 


The interview excerpied here was 
conducted with Glen W. Hamilton, 
M.D., Chief, Nuclear Medicine 
Section, Veteran's Administration 
Hospital, Seattle, Washington. Dr. 
Hamilton is also an Associate Pro- 
fessor of Medicine, University of 
Washington School of Medicine. 


Q. Of the nuclear cardiology studies available in 


clinical practice today, which are the most dif- 
ficult to interpret? 


A. Thallium images are probably the most difficult 


to interpret, and pyrophosphate are probably the 
next. In about 60% of all abnormal studies, the 
abnormality is quite obvious. The remaining 40% 
are quite difficult to read. As the physician gains 
experience, he will be able to read about half of 
those with confidence, but about 20% of all thal- 
lium studies remain difficult to interpret. Ex- 
perienced observers will have legitimate disagree- 
ment as to whether a given study is normal or 
abnormal. 


. Which of these tests are generally the best in the 


assessment of left ventricular function? Is this 
also the best study for assessing wall motion? 


. The multiple gated blood pool study yields the 


greatest clinical information compared to the diffi- 
culty of performing the test and, therefore, is the 
one we use in our clinical practice when we wish 
to assess a patient's ventricular function. The best 
study for assessing wall motion is probably the 
multiple gated study. It is not perfect, in that the 
right ventricle and the left ventricle overlap in 
all but the LAO view...but for most laboratories 
it is the most practical way to assess wall motion. 


. What studies would you recommend to a nuclear 


physician or cardiologist beginning nuclear 
cardiology in a community hospital? 


. I would recommend two studies: multiple gated 


blood pool studies, and thallium imaging. The 
ventricular function measurements obtained from 
multiple gated studies are useful not only in pa- 
tients who have suspected coronary disease, but 
also in a wide variety of other patients, such as 
people with lung disease, older patients who have 
undetected ventricular dysfunction, or presurgi- 
cal patients. Clearly, this is going to be the larg- 
est volume study, and that's the place where they 
should start. After doing resting ventricular func- 
tion studies, they should progress to thallium 
imaging. Six months from now, there should be 
enough data available on rest/exercise ventricu- 








lar function studies using multiple gated imaging 
to indicate whether this technique is of general 
usefulness. 


. Which studies are most difficult to perform? 
. Pyrophosphate studies are obviously the simplest 


to perform. The multiple gated blood pool study 
is performed quite simply. However, the equip- 
ment required is not present in every laboratory 
at the present time. Thallium, being a less ideal 
isotope, is probably the most difficult study, in 
terms of the technique required to achieve good 
diagnostic results. 


. What may be the single most important use of 


these nuclear cardiology studies in five years? 


. First, I’m confident we will be noninvasively mea- 


suring ventricular function in a wide range of 
patients with various disease states — coronary 
artery disease, cardiomyopathy, chronic lung dis- 
ease, valvular heart disease and many others. We 
will be able to follow these patients, correctly se- 
lect the optimal time for surgical intervention, and 
alter medical therapy so that treatment is optimal. 
There's no question that this will happen. 
Secondly, if these tests turn out to be quite sensi- 
tive for the detection of coronary artery disease 
in its early presymptomatic stages, it may be 
possible to alter that disease by various inter- 
ventions. This could become a very important 
national endeavor which could have far-ranging 
effects on health in this country. 


. How. widespread do you see these techniques 


becoming? 


. The need for studies of ventricular function will 


be comparable to the need for lung or bone scans. 
I really expect that most existing nuclear medicine 
laboratories, and, generally any hospital of two or 
three hundred beds, will be able to perform ven- 
tricular function studies within the next several 
years. 


For the complete transcript of this interview with 
Dr. Hamilton, write Inner-View, General Electric 
Company, Medical Systems Division, P.O. Box 
414 (Mail Code W-504), Milwaukee, WI 53201. 


General Electric Medical Systems, Milwaukee, 
Toronto, Madrid. 
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compare with the 
average in your specialty? 


family practice and gastroenterology | internal medicine 


12.8% | 42590 


neurology psychiatry surgery 


33.2% | 16.4% 


Hyper- Narco- Somnam Night- Night 
Insomnia somnia lepsy Enuresis bulism mares Terrors 


Internal medicine 
Neurology 


Obstetrics and 
Percentage of alti with cum Pecan by EATA 


Regardless of specialty, the largest number of patients complaining of sleep 
disorders have insomnia: trouble falling asleep, difficulty staying asleep, early 
morning awakening, or some combination of these symptoms. 
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Dalmane may be used for patients on chronic warfarin therapy: |. 
no unacceptable fluctuation in prothrombin time has been reported: 


CD 





your patients 
. mentioning 
their insomnia to: 


~ When insomniacs were asked in a survey" if they consulted a physician 
about their sleep problems, they replied: 


Before prescribing Dalmane (flurazepam 
HCI), please consult complete product 
information, a summary of which follows: 
Indications: Effective in all types of insom- 
nia characterized by difficulty in falling 
asleep, frequent nocturnal awakenings 
and/or early morning awakening; in patients 
with recurring insomnia or poor sleeping 
habits; in acute or chronic medical situa- 
tions requiring restful sleep. Since insom- 
nia is often transient and intermittent, 
prolonged administration is generally not 
necessary or recommended. 
Contraindications: Known hypersensitivity 
to flurazepam HCI. 
Warnings: Caution patients about possible 
combined effects with alcoho! and other 
CNS depressants. Caution against hazard- 
ous occupations requiring complete mental 
alertness (e. g., operating machinery, driving). 
Usage in Pregnancy: Several studies 
of minor tranquilizers (chlordiaze- 
poxide, diazepam, and meprobamate) 
Suggest increased risk of congenital 
malformations during the first tri- 
mester of pregnancy. Dalmane, a 
benzodiazepine, has not been stud- 
ied adequately to determine whether 
it may be associated with such an 
increased risk. Because use of these 
drugs is rarely a matter of urgency, 
their use during this period should 
almost always be avoided. Consider 
possibility of pregnancy when insti- 
tuting therapy; advise patients to 
discuss therapy if they intend to or 
do become pregnant. 
Not recommended for use in persons under 


One 30-mg capsule h.s.—usual adult dosage 
(15 mg may suffice in some patients). 
One 15-mg capsule h.s.—initial dosage 
for elderly or debilitated patients. 


psychological dependence have not been 
reported on recommended doses, use cau- 
tion in administering to addiction-prone 
individuals or those who might increase 
dosage. 

Precautions: |n elderly and debilitated, 
limit initial dosage to 15 mg to preclude 
oversedation, dizziness and/or ataxia. 
Consider potential additive effects with 
other hypnotics or CNS depressants. 
Employ usual precautions in patients who 
are severely depressed, or with latent 
depression or suicidal tendencies. Periodic 
blood counts and liver and kidney functior 
tests are advised during repeated therapy. 
Observe usual precautions in presence of 
impaired renal or hepatic function. 
Adverse Reactions: Dizziness, drowsiness, 
lightheadedness, staggering, ataxia and 
falling have occurred, particularly in 
elderly or debilitated patients. Severe seda- 
tion, capis disorientation and coma, 
probably indicative of drug intolerance or 
overdosage, have been reported. Also 
reported: headache, heartburn, upset 
stomach, nausea, vomiting, diarrhea, con- 
stipation, GI pain, nervousness, talkative- 
ness, apprehension, irritability, weakness, 
palpitations, chest pains, body and joint 
pains and GU complaints. There have also 
been rare occurrences of leukopenia, 
granulocytopenia, sweating, flushes, diffi- 
culty in focusing, blurred vision, burning 
eyes, faintness Tiypütension, shortness 

of breath, pruritus, skin rash, dry mouth, 
bitter taste, excessive salivation, anorexia, 
euphoria, depression, slurred speech, 
confusion, restlessness, hallucinations, 


stimulation and hyperactivity, and elevated 
SGOT, SGPT, total and direct bilirubins 

and alkaline phosphatase. 

Dosage: Individualize for maximum 
beneficial effect. 

Adults: 30 mg usual dosage; 15 mg may 
suffice in some patients. 

Elderly or debilitated patients:15 mg 
initially until response is determined. 
Supplied: Capsules containing 15 mg or 

30 mg flurazepam HCI. 

REFERENCES: 1.Kales A: Med World News 
16: 29-44, Apr 5, 1976. 2. Kales A, et al: J Cli 
Pharmacol 17: 207-213, Apr 1977. 3. KalesA 
et al: Clin Pharmacol Ther 18: 356-363, Sep 
1975. 4. Robinson DS, Amidon EL: Interactia 
of benzodiazepines with warfarin in man, in 
The Benzodiazepines, edited by Garattini S, 
Mussini E, Randall LO. New York, Raven 
Press, 1973, p. 641. 5. Data on file, Medical 
Department, Hoffmann-La Roche Inc., Nutl& 
NJ. 6. Dement WC: Data on file, Medical 
Department, Hoffmann-La Roche Inc., 
Nutley NJ 
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Cail-in telephone survey directed at self- 
diagnosed insomniacs ín the San Francisco 
Bay area, conducted by the Stanford Univer 
sity Sleep Disorders Clinic. Number of 
‘espondents: 5236 


. ROCHE PRODUCTS INC. 
< ROCHE Manati, Puerto Rico 00701 
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INDERAL (propranolol hydrochloride):Successful treatment 
of supraventricular arrhythmias for over 10 years 
INDERAL, usedaloneor incombination with other antiarrhythmics, has improved 


or resolved a variety of supraventricular arrhythmias.’’ 


INDERAL alone: Results of use against atrial tachyarrhythmias in one series 
have recently been reported: 


| Arrhythmia Proportion deriving benefit 


| Complete Partial 


Sinus tachycardia 86 5996 2296 | 
Atrial tachycardia (including paroxysmal type) 154 6196 19% | 
Atrial flutter 50 | 5496 32% 
Atrial fibrillation 139 53% \ 26% 


Adapted from Coodley and Snyder® 


INDERAL is particularly effective in therapy of supraventricular tachyarrhyth- 
mias It slows depolarization of sinus and ectopic pacemaker cells, and retards 
impulse-conduction in the atria and across the AV node.!!°"! |n cases where it 
cannot restore normal sinus rhythm, INDERAL is frequently effective in reducing 
the ventricular rate.: |NDERAL may prevent recurrent supraventricular 
tachyarrhythmias when digitalis and quinidine fail to do so??? In addition, 
INDERAL is a useful short-term adjunct for arrhythmias of thyrotoxicosis, when 






Aaa 


used with specific therapy. Since INDERAL may mask the clinical signs of 
hyperthyroidism, abrupt withdrawal should be avoided to prevent exacerbation 
of the symptoms of hyperthyroidism. 

And in combination: INDERAL has also been used to complement the 
actions of other antiarrhythmic agents.*55?.5 The combination of INDERAL and 
quinidine has suppressed supraventricular arrhythmias that have not responded 
to either drug alone.*? 

When toxic doses of digitalis glycosides occasionally fail to control the 
ventricular rate in patients with atrial fibrillation or flutter, addition of INDERAL to 
a digitalis glycoside, with reduction of the digitalis dosage, may prolong AV 
conduction to the point where satisfactory control of ventricular rhythm is 
established. 


INDERAL: Often effective in tachyarrhythmias of digitalis 


intoxication ??1914 |NDERAL has been found useful in the treatment of 
certain digitalis-induced arrhythmias that persist following discontinuation of 
digitalisand correction of electrolyte disturbances, particularly hypokalemia. Its 
useinthis setting may be limited by the presence of significant congestive failure 
or heart block, and the development of severe bradycardia. (Please see prescrib- 
ing information on the next page for “Overdosage or Exaggerated Response.’) 
INDERAL is contraindicated in sinus bradycardia, greater than first degree 
heart block, and congestive heart failure unless the failure is secondary to 
tachyarrhythmias treatable with INDERAL. (See prescribing information for 


complete list of CONTRAINDICATIONS,) | 
Please see next page for prescribing information. Ayerst. 









BRIEF SUMMARY 
(For full prescribing information, see package cecular.) 
. 





INDERAL .... 
propranolol hydrochloride 


-A beta-adrenergic blocking agent 


BEFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), THE 
PHYSICIAN SHOULD BE THOROUGHLY FAMILIAR WITH THE BASIC 


CONCEPT OF ADRENERGIC RECEPTORS (ALPHA AND BETA), AND THE 
PHARMACOLOGY OF THIS DRUG. 





ACTIONS: INDERAL is a beta-adrenergic receptor blocking drug, possessing no 
other autonomic nervous system activity. It specifically competes with 
beta-adrenergic receptor stimulating agents for available beta receptor sites. 
When access to beta receptor sites is blocked by INDERAL, the chronotropic, 
inotropic, and vasodilator responses to beta-adrenergic stimulation are decreased 
proportionately. 

Propranolol is almost completely absorbed from the gastrointestinal tract, but 
a portion 1s immediately bound by the liver. Peak effect occurs in one to one and 
one-half hours. The biologic half-life is approxmately two to three hours. 
Propranolol is not significantly dialyzable. There is ^o simple correlation between 
dose or plasma level and therapeutic effect, andahe dose-sensitivity range as 
observed in clinical practice is wide. The pnncypal reason for this is that 
sympathetic tone varies widely between individuals. Since there is no reliable test 
t0 estimate sympathetic tone or 10 determine whether total beta blockade has 
been achieved, proper dosage requires titration. 

Beta receptor blockade is useful in conditions inwhich, because of pathologic 


. Qf functional changes, sympathetic activity is excessive or inappropnate and 


detnmental to the patient. But there are also situations in which sympathetic 
stimulation is vital. For example, in patients with severely damaged hearts, 
adequate ventricular function is maintained by virtue vf sympathetic drive which 
should be preserved. In the presence of AV block, beta blockade may prevent the 
necessary facilitating effect of sympathetic activity on conduction. Beta blockade 
results in bronchial constriction by interfering with adrenergic bronchodilator 
activity which should be preserved in patients subject to bronchospasm 

The proper objective of beta blockade therapy is t0 decrease adverse 
sympathetic stimulation but not to the degree that may impair necessary 
sympathetic support. 

Propranolol exerts its antiarrhythmic effects in concentrations associated with 
beta-adrenergic blockade and this appears to be «ts principal antiarrhythmic 
mechanism of action. The membrane effect also plays a role, particularly. some 
authorities believe, in digitalis-induced arrhythmias. Beta-adrenergic blockade is 


. of umque importance in the management of arrhythmias due to increased levels 


jt 


of circulating catecholamines or enhanced sensitivity of the heart to catechola- 
mines (arrhythmias associated with pheochromocytoma, thyrotoxicosis, exer- 
cise). 

In dosages greater than required for beta blockade, INDERAL also exerts a 
quinidine-lhike or anesthetic-ike membrane action which affects the cardiac action 


potential and depresses cardiac function. 





a) kara che rta particularly those arrhythmias induced by 
catecholamines of digitals or associated with the Wolff-Parkinson-White 
syndrome. (See W-P-W under WARNINGS | 
b] Persistent sinus tachycardia which is noncompensatory and impairs the 
well-being of the patient. 

c) Tachycardias and arrhythmias due to thyrotoxicosis when causing distress 
or increased hazard and when immediate effect is necessary as adjunctive, 
short term (2-4 weeks) therapy. 

May be used with, but not in place of, specific therapy. (See Thyrotoxicosis 
under WARNINGS ) 

d) Persistent atrial extrasystoles which impair the well-being of the patient 
and do not respond to conventional measures. 

e) Atnal flutter and fibrillation when ventricular rete cannot be controlled by 
digitalis alone, or when digitahs is contraindicated 


2.) Ventncular tachycardias 
Ventncular arrhythmias do not respond to propranolol as predictably as do the 
supraventricular arrhythmias. 
a} Ventricular tachycardias 

-. With the exception of those induced by catecholamines or digitalis, INDERAL 
is not the drug of first choice. In critical situations when cardioversion 
technics or other drugs are not indicated or are nat effective, INDERAL may 
be considered. If, after consideration of the risks involved, INDERAL is used. 
it should be given intravenously in low dosage and very slowly. (See DOSAGE 
AND ADMINISTRATION.) Care in- rhe admumsteation of \NDERAL with 
constant electrocardiographic monitoring is essential as the faling heart 
requires some sympathetic dave for maintenance of myocardial rone. 
b) Persistent premature ventricular extrasystoles which do not respond to 
conventional measures and impair the well-being df the patient. 


3.| Tachyarrhythmias of digitalis intoxication 
It digitahsanduced tachyarrhythmias persist following discontinuance of 
digitalis and correction of electrolyte abnormalities, they are usually reversible 
with ora/ INDERAL. Severe bradycardia may occu: (See OVERDOSAGE OR 
EXAGGERATED RESPONSE.) 


Intravenous propranolol hydrochloride ts reserved for life-threatening arrhyth- 
mias. Temporary maintenance with oral therapy may be indicated. (See 
DOSAGE AND ADMINISTRATION.) 


4.)Resistam tachyarrhythmias due to excessive catecholamine action during 
anesthesia 
Tachyarrhythmias due 10 excessive catecholamine action dunng anesthesia 
May sometimes anse because of release of endogenous catecholamines or 
administration of catecholamines. When usual measures fal im such 
arrhythmias, INDERAL may be given intravenously toabolish them. All general 
inhalation anesthetics produce some degree of myocardial depression. 
Therefore, when INDERAL is used to treat arrhythmias during anesthesia, it 
should be used with extreme caution and constant ECG and central venous 
pressure monitoring. (See WARNINGS. | 


Hypertrophic Subaortic Stenosis: INDERAL is useful in the management of 
hypertrophic subaortic stenosis, especially for treatment of exertional or other 
stress-induced angina, palpitations, and syncope INDERAL also improves 
exercise performance. The effectiveness of INDERAL in this disease appears 10 be 
due to a reduction of the elevated outflowepressure gradient which is exacerbated 
by beta receptor stimulation. Clinical impravement may be temporary. 


Pheochromocytoma: After primary treatment with an alpha-adrenergic blocking 
agent has been instituted, INDERAL may be useful as adjunctive therapy if the 
control of tachycardia becomes necessary before or during surgery 

It ıs hazardous to use INDERAL (propranolol hydrochloride) unless alpha- 
adrenergic blocking drugs are already in use. since this would predispose to 
serious blood pressure elevation. Blocking only the penpheral dilator (beta) action 
of epinephrine leaves its constrictor [alpha] action unopposed. 

In the event of hemorrhage or shock. there is a disadvantage in having both 
beta and alpha blockade since the combination prevents the increase in heart 
rate and penpheral vasoconstriction needed 10 maintain blood pressure. 

With inoperable or metastatic pheochromocytoma, INDERAL may be useful as 
an adjunct to the management of symptoms due to excessive beta receptor 
stimulation 


CONTRAINDICATIONS: INDERAL is containdicated in. 1) bronchial asthma; 
2) allergic Thinitis during the pollen season, 3} sinus bradycardia and greater than 
first degree block; 4) cardiogenic shock; 5) sight ventricular failure secondary to 
pulmonary hypertension, 6) congestive hear: failure (see WARNINGS) unless the 
failure is secondary to a tachyarrhythmia treatable with INDERAL- 7) in patients 
on adrenergic-augmenting psychotropic drugs (including MAO inhibitors), and 
during the two week withdrawal penod from such drugs 


WARNINGS: CARDIAC FAILURE. Sympathenc stmulation is à vital component 
Supporting circulatory function in congestive heart failure, and inhibition with 
beta-blockade always cares the potential hazard of further depressing 
myocardial contractility and precipitating cardiac failure. INDERAL acts selec- 
tively without abolishing the inotropic action of digitalis on the heart muscle [/ e., 
that of supporting the strength of myocardial contractions). In patients already 
receming digitalis, the positive inotropic acton of digitalis may be reduced by 
INDERAL's negative inotropic effect. The effects of INDERAL and digitalis are 
additive in depressing AV conduction. 

IN PATIENTS WITHOUT A HISTORY GF CARDIAC FAILURE. continued 
depression of the myocardium over a period af time can, in some cases, lead to 
cardiac failure. In rare instances, this has been observed during INDERAL 
therapy. Therefore, at the first sign or symptom of impending cardiac failure, 
patients should be fully digitalized and/or gwen a diuretic, and the response 
observed closely: a] if cardiac failure continues, despite adequate digitalization 
and diuretic therapy, INDERAL therapy should be immediately withdrawn. b) if 
tachyarrhythmia ts being controlled, patients should be maintained on combined 
therapy and the patent closely followed unt threat of cardiac failure is over 


IN PATIENTS WITH ANGINA PECTORIS. there have been reports of 
exacerbation of angina and, in some cases, myocardial infarction. 
following abrupt discontinuation of INDEBAL therapy. Therefore, when 
discontinuance of INDERAL is planned the dosage should be gradually 
reduced and the patient carefully monitored In addition, when 
INDERAL is prescribed for angina pecrons, the patient should be 
cautioned against interruption or cessawon of therapy without the 


physician s advice. If INDERAL therapy is interrupted and exacerbation 
of angina occurs, it usually is advisable 1c remstitute INDERAL therapy 
and take other measures appropriate for the management of unstable 
angina pectons. Since coronary artery disease may be unrecognized, it 
may be prudent to follow the above advieewn patients considered at risk 
of having occult atherosclerotic hear! disease, who are given 
propranolol for other indications. 





IN PATIENTS WITH THYROTOXICOSIS, possible deletenous effects from long 
term use have not been adequately appraised Special consideration should be 
given to propranolols potential for aggravating congestive heart failure. 
Propranolol may mask the clinical signs of developing or continuing hyperthy- 
roidism or complications and give a false impression of improvement. Therefore, 
abrupt withdrawal of propranolol may be fellowed by an exacerbation of 
symptoms of hyperthyroidism, including thyroid storm. This is another reason for 
withdrawing propranolol slowly. Propranolol dees not distort thyroid function 
tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WWITE SYNDROME. several cases 
have been reported in which, after propranolol. the tachycardia was replaced by a 
severe bradycardia requiring a demand pacemaker. In one case this resulted after 
an initial dose of 5 mg propranolol. 

IN PATIENTS DURING ANESTHESIA with agents that require catecholamine 
release for maintenance of adequate cardiac function. beta blockade will impair 
the desired inotropic effect. Therefore, INDERAL should be titrated carefully when 
administered for arrhythmias occurring during anesthesia 

IN PATIENTS UNDERGOING MAJOR SURGBRY beta blockade impairs the 
ability of the heart to respond to reflex stimuli. For this reason, with the exception 
of pheochromocytoma, INDERAL should be withdrawn 48 hours prior 10 surgery, 
at which time all chemical and physiologic effect: are gone according to available 
evidence However, in case of emergency surgery, since INDERAL is a competitive 
inhibitor of beta receptor agonists, its effects can be reversed by administration 
of such agents, e.g., isoproterenol or levarterennl. However, such patients may 
be subject to protracted severe hypotension. Difficulty in restarting and 
maintaining the heart beat has also been reported 

IN PATIENTS PRONE TO NONALLERGIC BRONCHOSPASM (e.g... CHRONIC 
BRONCHITIS, EMPHYSEMA), INDERAL should be administered with caution 
since «t may block bronchodilation produced by endogenous and exogenous 
catecholamine stimulation of beta receptors. 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA. Because of its 
beta-adrenergic blocking activity, INDERAL may prevent the appearance of 
premonitory signs and symptoms (pulse rate and pressure changes) of acute 
hypoglycemia. This is especially important to keep in mind in patients with labile 
diabetes. Hypoglycemic attacks may be accompamed by a precipitous elevation 
of blood pressure. 

USE IN PREGNANCY: The safe use of INDERAL in human pregnancy has not 
been established. Use of any drug in pregnancy or women of childbearing 
potential requires that the possible risk to mother and/or fetus be weighed 
against the expected therapeutic benefit. Embryctonc effects have been seen in 
animal studies at doses about 10 times the maximum recommended human 
dose. 


PRECAUTIONS: Patents receiving catecholamine depleting drugs such as 
reserpine should be closely observed if INDERAL is administered. The added 
catecho amine blocking action of this drug may then produce an excessive 


eduction of the resting sympethetic nervous activity. Occasionally, the 


pharmacologic activity of INDERAL may produce hypotension and/or marked 
bradycardia resulting in vertigo, syncopal attacks, or orthostatic hypotension. 

As wath any new drug given over prolonged periods, laboratory parameters 
Should be observed at regular intervals. The drug should be used with caution in 
patients with impaired renal or hepatic function. 


ADVERSE REACTIONS: Cardiovascular. bradycardia; congestive heart failure; 
mtensification of AV block; hypotension; paresthesia of hands; artenal 
insufficiency, usually of the Raynaud type; thrombocytopenic purpura 

Central Nervous System: hghtheadedness; mental depression manifested by 
insomnia, lassitude, weakness, fatigue; reversible mental depression progressing 
19 catatonia; visual disturbances; hallucinations; an acute reversible syndrome 
characterzed by disonentation for time and place. short term memory loss, 
emotional lability, slighty clouded sensonum, and decreased performance on 
neuropsychometrics 

Gastramtestinal. nausea, vomiting, epigastric distress, abdominal cramping, 
diarrhea, constipation, mesenteric arterial thrombosis, ischemic colitis 

Allerg:c: pharyngitis and agranulocytosis, erythematous rash, fever combined 
with aching and sore throat, laryngospasm and respiratory distress 

Respwatory. bronchospasm 

Hematologic. agranulocytosis, nonthrombocytopenic purpura, thrombocyto- 
penic purpura 

Miscellaneous: reversible alopecia. Üculomucocutaneous reactions involving 
the skin, serous membranes and conjunctivae reported for a beta blocker 
(practoloh have not been conclusively associated with propranolol. 

Chnical Laboratory Test Findings: Elevated blood urea levels in patients with 
severe heart disease, elevated serum transaminase, alkaline phosphatase, lactate 
dehydrogenase 
DOSAGE AND ADMINISTRATION: The dosage range for INDERAL 
nen hydrochloride) is different for each indication. 


ARRHYTHMIAS —10-30 mg three or four times daily, before meals and at 
bedtime. 

HYPERTROPHIC SUBAORTIC STENOSIS— 20-40 mg three or four times daily. 
before meals and at bedtime. 

PHEOC4ROMOCYTOMA—Preoperatively—60 mg daily in divided doses for 
three days pror 10 surgery, concomitantly with an alpha-adrenergic blocking 
agent. 

—Management of operable tumor—30 mg daily in divided doses. 

PEDIATRIC DOSAGE: At this time the data on the use of the drug in this age group 
are t00 limited to permit adequate directions for use. 

INTRAVENOUS: Intravenous administration is reserved for life-threatening 
arrhythmias or those occurring under anesthesia. The usual dose is from 1 to 3 
mg administered under careful mondoring, e.g. electrocardiographic, central 
venous pressure. The rate of administration should not exceed | mg (1 ml) per 
minute to ciminish the possibility of lowering blood pressure and causing cardiac 
standsull. Sufficient time should be allowed for the drug to reach the site of 
action even when à slow circulation is present. If necessary, a second dose may 
be given after two minutes. Thereafter, additional drug should not be given in less 
thar four hours. Additional INDERAL should not be given when the desired 
alteration ir rate and/or rhythm is achieved. 

Transference to oral therapy should be made as soon as possible. 

The intravenous administration of INDERAL has not been evaluated 
adequately n the management of hypertensive emergencies 


OVERDOSAGE OR EXAGGERATED RESPONSE: 
IN THE EVENT OF OVERDOSAGE OR EXAGGERATED RESPONSE, THE FOLLOWING 
MEASURES SHOULD BE EMPLOYED: 
BRADYCARDIA—ADMINISTER ATROPINE (0.25 to 1.0 mg). IF THERE IS NO 
RESPONSE TO VAGAL BLOCKADE, ADMINISTER ISOPROTERENOL CAUTIOUSLY. 
CARDIAC FAILURE —DIGITALIZATION AND DIURETICS. 
HYPOTENSION — VASOPRESSORS, e.g., LEVARTERENOL OR EPINEPHRINE 
(THERE IS EVIDENCE THAT EPINEPHRINE IS THE DRUG OF CHOICE.) 
BRONCHISPASM—ADMINISTER ISOPROTERENOL AND AMINOPHYLLINE 


HOW SUPPLIED: INDERAL (propranolol hydrochloride) 


TABLETS 

No. 481—Eech scored tablet contains 10 mg of propranolol hydrochloride, in 
bottles of 100 and 1,000. Also in unit dose package of 100. 

No. 462—Ezch scored tablet contains 20 mg of propranolol hydrochlonde, in 
bottles cf 100 and 1,000. Also in unit dose package of 100. 

No. 464—Each scored tablet contains 40 mg of propranolol hydrochloride, in 
bottles cf 100 and 1,000. Also in unit dose package of 100. 

No. 468—Each scored tablet contains 80 mg of propranolol hydrochloride, in 
bottles of 100 and 1,000. Also in unit dose package of 100. 


INJECTABLE 

No. 3265—Each ml contains 1 mg of propranolol hydrochlonde in Water for 
Injection. The pH is adjusted with citric acid. Supplied as: 1 ml ampuls in 
boxes of 10. 


REFERENCES: 1. Shand, D.G.: N. Engl. J. Med. 293.280 (Aug. 7) 1975. 2. 
Conn, R.D.: Postgrad. Med. 55(No. 2):131 (Feb) 1974. 3. Fors, WJ., 
Vanderank, C.R., and Reynolds, E W.: Am. J. Cardiol. 27-190 (Feb.] 1971. 4. 
Levi, G.F., and Proto, C.: Cardiology 55.249, 1970. 5. Stern, S.: Am. Heart J. 
74(Nc. 2).170 (Aug.) 1967. 6. Luna, M.H., Adelson, E.l., and Miller, A.J.: 
Circulation 34.767 (Nov.) 1966. 7. Gianelly, R.E., Griffin, J.R., and Harnson, 
D.C.: Ann. Intern. Med. 66-667 (Apr) 1967. 8. Coodley, E.L., and Snyder, S.: 
Am. Fam. Physician /4(No. 5).146 [Nov.] 1976. 9. Miller, R.R., Amsterdam, 
E.A., and Mason, D.T.: Drug Therapy 5:110 (Feb.) 1975. 10. Danahy, D.T.. and 
Aronow, W.S. Postgrad. Med. 67(No. 1).113 (Jan.) 1977. 11. Gettes, L.S. 
Med. Opinion 5(No. 9.19 (Sept.] 1976. 12. Gianelly, R.E., and Harrison, D.C.: 
Genatmcs 25.120 (Apr) 1970. 13. Michaelson, S.P, and Wolfson, S.: 
Cardiovasc. Med. /(No. 3).213 (Nov.) 1976. 14. Wit, A.L.. Hoffman, B.F., and 
Rosen, M.R.: Am. Heart J. 90(No. 5):665 (Nov.] 1975. 15. Bigger, J.T., and 
Giardina, E.G V. Cardiovasc. Clin. ANo. 2):103, 1974. 


7801F 


AYERST LABORATORIES 
New York, N.Y. 10017 


^*^, AL -A 


ids 


VENEREM TENES a Le ys ee eee WT raa ae ys EX 73 "p — 7 -— Au EEE E — " 
va 3 MC MM h^ Lowe "n x wee z ksa h aa ar Qo ES " n 43. f Ty vu Qu. 3 VW TS PT EN nores PETRI MER Pad iS a "y DOCU RE ee era apes 
"^ Y 2 k : 4 4 » a x A - = j J uw 


"A. DET NE i e "n 
O Ny: a di: 


itchy electrode 








an lic 
canassume 
strange proportions. 








To a person who's A backing of Micropore® péhibihaee MERA A NS E e 
critically ill in strange Brand Surgical Tape, which us maria aer AT E 
surroundings and feeling scared, permits the skin to ventilate freely. 3M Center, Building 223-3S e 
even a little thing like an itchy And the adhesive is hypoallergenic, ; 5t Pavl. Minnesota 55101 ° 
electrode can seem monstrous. which eliminates a major cause of Please send me a Red Dot = 

That’s why we make Red skin irritation. It'll adhere firmly, Electrode sample kit for evaluations 











Dot® Brand Monitoring Electrodes even to perspiring patients,and for i : 
the way we do. With a special extended periods of time. MENS REC NDE E 
emphasis on patient comfort. We believe an instrument Title m ° 

Red Dot Electrodes offer of care should do its job without Hospital : 
the benefits you expect from a bedeviling either the patient or the Address $ 
product of this kind— reliable, staff. We make Red Dot Electrodes : 
clear tracings and adhesive accordingly. ° 
strength. Plus something special: : 


| 29999999 





COMPANY 


©Minnesota Mining and Manufacturing, 1978. Red Dot and Micropore are registered trademarks of 3M Company. 


CARDIOGUARD’ 4000 STRESS TEST SYSTEM 


Q 





A i cat ial PUE INPUTS IPTE eG a ETT L DU 
aii aac P PATA "d "n" ym Teas nas V PIN = 


We ask questions before any of our instrumentation gets to the drawing board. 


Because knowing what you need is the most important part of designing what you can use. 

Our Cardioguard® 4000 for example. You wanted a system for stress testing and resting ECG 
your office could use and afford. So the 4000 is compact, mobile, and simple to operate. And with 
the Exerstress® Display Memory Scope, ST Segment Computer, and our new E-16 Treadmill, you 
get a complete, automatic 3-channel system for a lot less than you might expect to pay. 

The 4000 automatically produces 12-lead ECGs in a letter-size, chart-ready format. With simple 
push-button controls, you can pre-select any standard lead group, an XYZ lead group, plus your 
choice of a monitor lead group. And you can change any lead group anytime during the procedure. 

The Exerstress Display has a 5-second memory for immediate chart documentation of observed 
abnormalities. ECG Traces, Elapsed Time, Heart Rate, and the optional ST Level Display all appear 
on the bright, non-fade, memory scope. A | 

The E-16 Treadmill is our latest. And when coupled with the 4000, the E-16 gives you rugged and 
reliable performance in speed ranges from 0-10 mph and grades of 0-25 percent, as well as remote 
control and optional automatic programming. 

Like all Del Mar Avionics Systems, the 4000 and E-16 are backed by an extensive service and 
supply network throughout the country. For more information or a demonstration, write Del Mar 
Avionics, 1601 Alton Avenue, Irvine, California 92714. Or just call any sales/service office 
listed below. 

Together, your ideas and our ideas built the 4000 and E-16. An economical, reliable, yet state- 
of-the-art approach to exercise stress testing. 


Which is the very reason we ask questions before we build answer 5 
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For more information call any one of our Corporate Sales and Service Offices 


ATLANTA (404) 952-0612 e BALTIMORE (301) 265-1320 e BOSTON (617) 942-0230 e CHARLOTTE (704) 373-1206 èe CHICAGO (312) 956-6520 

CINCINNATI (513) 874-8600 e CLEVELAND (216) 886-4063 e DALLAS (2/4) 350-5881 e DENVER (303) 344-5101 e DETROIT (313) 559-6863 « HOUSTON (713) 692-3122 
IRVINE (Home Office) (714) 549-1500 e KANSAS CITY (816) 373-1117 e LONG ISLAND (516) 482-7690 e LOS ANGELES (213) 640-2282 e MIAMI (305) 981-0405 
MINNEAPOLIS (612) 854-8726 « NEW ORLEANS (504) 837-7510 « NEW YORK (203) 966-4560 ¢ PHILADELPHIA (215) 265-8548 e PHOENIX (602) 275-2451 
PITTSBURGH (412) 344-4484 e ROCHESTER (716) 328-2660 è SAN DIEGO (714) 225-0465 © SAN FRANCISCO (415) 349-9102 © SEATTLE (206) 246-4430 

ST. LOUIS (314) 739-8151 e TAMPA (813) 879-8280 e EUROPE 720-7405 Telex 61791, AVONIX B (Brussels, Belgium) 


Plus over 60 International Distributors 
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To determine the utility of thallium-201 stress scintigraphy in assessing * 
the results of coronary bypass surgery, chest pain, stress electrocardio- - j 
grams and scintigrams were evaluated in 27 patients postoperatively. 
These findings were compared with coronary angiographic data in which 
a significant postoperative lesion was defined as 75 percent or more 
stenosis in a graft, its distal vessel or in an ungrafted native vessel. As an- 
indicator of postoperative coronary lesions, chest pain lacked sensitivity — 
(60 percent) and was nonspecific (20 percent). The stress electrocar- 
diogram had poor sensitivity (60 percent) and good specificity (86 per- 
cent) but was not helpful in six patients who had equivocal or suboptimal. 
tests. The scintigram had good sensitivity (77 percent) and was highly 
specific for the diagnosis of coronary stenosis. It was significantly more 
specific than chest pain (P <0.01), gave excellent localizing information — 
and added to the accuracy of both conclusive and inconclusive stress - 
tests. In nine patients with preoperative stress scintigrams, comparison - 
of pre- and postoperative studies reflected the effects of bypass surgery - 
on coronary perfusion. Scintigraphy is a useful technique for the nonin- - 
vasive evaluation of the patient after coronary bypass surgery, and - 
postoperative scintigraphy alone is of great value in documenting — 
results. 
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Each year in the United States an estimated 50,000 coronary arterial 
bypass procedures are performed.! As a consequence, there is now a large E 
group of patients who have undergone this procedure and will require — 
follow-up evaluation for the presence of myocardial ischemia. Although : 
useful information on such patients is obtained from a history of À 
symptomatic improvement, the resting electrocardiogram and the © 
functional and electrocardiographic response to graded exercise, eval- — 
uation of the extent of revascularization and graft patency relies on re- — 
peat coronary angiography. Because angiography is costly and time- 4 
consuming and subjects the patient to a small but definite risk,?? its use — 
has been limited in the follow-up of patients after bypass surgery. 3 
3 

à 
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Clinical Data in 27 Patients After Coronary Bypass Surgery 
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ry non non 
Case Age (yr) TI-201 Stress Tread- Angiogr Stenosis Chest TI-201 Stress Tread- 
no. &Sex Stress Rest ECG mill Pain ess est ECG mill 
1 44M ... PatG Pat NV Pat NV Typical — $n = Paced 
2 57M «(23 Pat G Pat NV Pat NV Typical = P. a Paced 
3 51M + a | 45 PatGX2 PatG Pat G None -— wd => 9.0 
4 50F + - | 2.0 PatG Pat G Pat G Atypical - as £ 6.0 
5 33M ym YR 35, ... PatGX2  PatG Pat NV Atypical a e - 12.6 
6 48M ... PatG Pat G Pat G None = i = 11.8 
7 69M ... PatGX2  PatG Pat G Atypical + ~f + 3.1 
8 55M a = 0 6.0 PatG Pat G Pat G Typical d dm — 6.0 
9 52M ... PatG Pat NV Pat G; Typical = = 8.3 
| | 100% G* 
|. 10 57M + - | 4.0 PatG Pat G Pat NV Atypical _ js -— 9.0 
11 54M <.. PatG; Pat G; 90% NV None = — 8.7 
90% NV 90% NV 
Lu: 12 47M Pat NV Pat G; Pat G Typical ++ + T Ti 
* 9096 NV 
Bon 13 58F TE T | 4.0 PatG; Pat G; Pat G None ++ + ~ 6.0 
90% NV 90% NV 
14 44M 80 a S E Pat NV Pat NV None ++ + + 13.3 
1 6 
15 47M 80% NV 100% G 90% G Typical T = + 6.6 
16 59M Pat G; Pat NV 100% G Typical + — i 4.1 
: 9096 NV 
17 52M ... PatG 10096 G 10096 NV Typical + + Subop 8.0 
18 41M + + 0 3.0 ded Ok s 90% G 100% G None + + — 7.2 
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19 55M 10096 G Pat G 10096 G Atypical d Tt Subop 3.5 
20 50M Pat G; PatG X2  PatNV None + + — 7.6 
LA 10096 G 
21 65F 100% G 100% G  PatG Atypical T — - 5.0 
22 55F Pat G 10096 G Pat NV Typical + se t 6.1 
23 65M Pat G 10096 G 100% G Typical + — i 3.0 
24 56M ee GX 100%G . PatNV Typical + — + 2.0 
25 50M + - | 3.0 100%G Pat G Pat G None + - $ 6.0 
26 62M + -— | 30- um ip T None — — -— 6.0 
27 42M T+ = Eq 3.0 None + + 5.1 





* Review of pre- and postoperative angiograms reveals no significant stenosis in native right coronary artery. 
_— = no perfusion defect; + = perfusion defect; ++ = new perfusion defect in addition to defect at rest; 0 = no ischemic S-T change. 
ECG = electrocardiogram; Eq = equivocal because of baseline S-T abnormalities; G = graft; | = ischemic S-T change; LAD = left anterior de- 


Scending coronary arterial system; LCx = left circumflex coronary arterial system; Min = minutes; NV = native vessel; Pat = no significant stenosis; 


RCA = right coronary arterial system; Subop = exercise test suboptimal because less than 85 percent of maximal predicted heart rate was achieved; 


TI = thallium. 


— Thallium-201 stress scintigraphy is a noninvasive 


. method for assessing regional myocardial perfusion and, 


indirectly, identifying significant coronary stenosis.4-6 
It has been successfully used in evaluating patients with 
coronary artery disease.* In this study we examined 
the value of the method in follow-up studies of patients 
after bypass surgery. We also compared the results 
obtained with pre- and postoperative stress scintigraphy 
with those obtained with postoperative studies alone. 


Methods 


Patients: The 27 patients studied (Table I) represent all 
patients who underwent thallium-201 stress scintigraphy at 
this institution as part of follow-up evaluation after coronary 
bypass surgery. Nine of these patients (Patients 3, 4, 8, 10, 13, 


. 18 and 25 to 27) had undergone stress scintigraphy preoper- 


atively. Twenty-five (Patients 1 to 25) also underwent post- 


operative selective coronary angiography. The age of the 23 
. men and 4 women averaged 52.5 years (range 33 to 69). In 17 
patients the postoperative evaluation was undertaken because 
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of recurrent chest pain; 11 of the 17 had typical angina pec- 
toris. Ten patients who were free of chest pain were studied 
because the patient or his physician desired information re- 
garding graft patency. Two patients were experiencing pain 
at rest. Four (Patients 8, 15, 16 and 22) were receiving pro- 
pranolol, and seven (Patients 4, 7, 13, 19, 20, 23 and 27) were 
receiving digoxin at the time of study. Two patients had a 
single graft; 9 had double, 12 had triple and 4 had quadruple 
bypass grafts (average 2.7 grafts per subject). Thirty-two 
grafts were placed to the left anterior descending coronary 
artery or diagonal vessels, 23 to the left circumflex or marginal 
vessels and 17 to the right coronary artery. With the exception 
of three internal mammary artery grafts to the left anterior 
descending coronary artery, saphenous veins were used in all 
instances. | 

. Stress testing: In 25 patients stress perfusion scintigraphy 
was performed in relation to graded treadmill exercise ac- 
cording to the method of Bruce.’ A 12 lead electrocardiogram 
was taken at rest and an intravenous catheter was placed in 
an antecubital vein to facilitate administration of thallium- 
201. The blood pressure and CM; electrocardiographic lead 
were monitored during standing, hyperventilation, exercise 
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defects to the distribution of the coronary artery. ANT = 


FIGURE 1. Patient 4. Complete revascularization with 
three patent grafts on angiography. The postoperative 
thallium-201 stress scintigrams (left) show that myo- 
cardial perfusion is homogeneous; no defect is seen in 
any projection. A schematic interpretation of each pro- 
jection (right) demonstrates the method used to localize 


anterior; AW = anterior left ventricular wall; FW = free 
left ventricular wall; IVS — interventricular septum; IW 
= inferior left ventricular wall; LAD = left anterior de- 
scending system distribution; LAO = left anterior oblique 
projection; LCX = left circumflex coronary system dis- 
tribution; L LAT = left lateral projection; PLW = pos- 
terolateral left ventricular wall; RCA = right coronary 
arterial distribution. 


and a 6 to 8 minute recovery period. The treadmill electro- 
cardiogram was considered abnormal and positive for ischemia 
if there was 1 mm or greater horizontal or downsloping S-T 
segment depression below an isoelectric baseline, 0.08 second 
from the J point, during exercise or in recovery. The treadmill 
electrocardiogram was called equivocal for the diagnosis of 
ischemia, regardless of the degree of exercise-induced S-T 
segment depression, if the baseline S-T segment was de- 
pressed greater than 1 mm. Negative treadmill tests in which 
85 percent of the maximal predicted heart rate for age was not 
reached were classified as suboptimal studies. 

In two patients (Patients 1 and 2) with pain at rest of ap- 
parent cardiac origin, stress perfusion scintigraphy was per- 
formed in conjunction with atrial pacing.’ A no. 7 French bi- 
polar pacing catheter was positioned in the upper right atrium. 
Pacing was begun at 20 beats/min above the sinus rate and 
increased by 10 to 15 beats/min at 2 minute intervals until 
limited by the patient’s symptoms or block at the atrioven- 
tricular node. Electrocardiographic monitoring and evaluation 
were performed as during exercise. 

Electrocardiograms were interpreted by two independent 
observers who had no knowledge of the patient’s identity, 
coronary anatomy or scintigraphic findings. There was com- 
plete agreement in 96 percent of the studies and minor dis- 
agreement in 4 percent; assessment of the latter was deter- 
mined by consensus with the aid of a third observer. 

Perfusion scintigraphy: All scintigrams were obtained 
with the patient in a fasting state. Thallium-201 was admin- 
istered in a dose of 1.5 to 2.0 millicuries intravenously at peak 
stress and, when indicated, at rest (see later). Exercise or 
pacing was continued for 60 seconds after the administration 
of thallium. Imaging was begun within 10 minutes of admin- 
istration of thallium and was generally completed within 30 
minutes. Scintigraphy: was performed using either a portable 
(Ohio Nuclear, Solon, Ohio) or stationary (Pho Gamma IV, 
Searle Radiographics, Inc., Des Plaines, Illinois) 37 phototube 
camera equipped with a converging collimator and employing 
a 20 percent window centered at 75 KeV. Hepatic and splenic 
radioactivity was shielded when significant. 
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To ensure adequate evaluation of relative myocardial ra- 
dioactivity, an image was taken to 200,000 counts in the an- 
terior projection and the time noted. Then images in the 45° 
left anterior oblique and left lateral projections were taken to 
equal time. Unprocessed images printed on Polaroid® film 
were obtained for the initial 15 studies. In 12 patients studied 
thereafter, images were also acquired on a PDP 11/40 com- 
puter, and image enhancement was performed by spreading 
the gray scale between peak cardiac radioactivity (upper 
threshold) and a mean background level (lower threshold). 
Although computer processing made the defects in the analog 
images appear more prominent and occasionally increased the 
security of interpretation, all defects were identified from the 
analog image. 

Patients with a normal stress scintigram were not re- 
studied. Patients with an abnormal stress scintigram were 
restudied at rest in all three projections, using the same 
camera and imaging technique, 1 week after the initial study. 
After initiation of the repeat studies, it became apparent that 
a delayed resting image, obtained 4 hours after the stress 
study, accurately depicted the resting perfusion state.? Pa- 
tients at our institution are now studied with the delayed 
image technique. Scintigraphy was performed an average of 
16.3 (range 2 to 70) months postoperatively. Among 25 pa- 
tients who underwent postoperative coronary angiography, 
scintigraphy was performed within 1 month of angiography 
in 21 patients, and within 4 months in all patients. No patient 
had a history of an ischemic event between the two tests. The 
results of preoperative thallium-201 stress scintigraphy were 
available for comparison with postoperative studies in nine 
patients. 

Stress scintigrams that revealed new or enlarged defects 
when compared with the image at rest indicated segments 
of relative hypoperfusion and were considered positive for 
stress-induced myocardial ischemia. Scintigraphic defects 
at rest were interpreted as evidence of prior infarction. The 
postoperative scintigrams were compared with those obtained 
preoperatively and changes in perfusion noted. Scintigrams 
were evaluated by two independent observers without 
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- knowledge of the patient's identity, coronary anatomy or the 
. results of stress testing. Observer agreement was complete in 


92 percent of images. Minor observer disagreement concerning 
the location or extent of abnormalities occurred in 8 percent 
of images; the final interpretation was decided by consensus 


. with the aid of a third independent observer. 


Scintigraphic defects were localized to regions of coronary 


. perfusion according to the known coronary anatomy. Each 


scintigraphic projection was divided into three left ventricular 


segments (Fig. 1). The anterior projection was divided into the 
anterior or free wall, apex and inferior wall; the left anterior 


oblique projection into the posterolateral wall, inferior wall 
and septum; and the left lateral projection into the antero- 


lateral wall, apex and inferior wall. Hypoperfusion in the 


distribution of the left anterior descending coronary artery 
was diagnosed if scintigraphic defects involved the septum 
with or without involvement of the anterolateral wall; hypo- 


s . perfusion in the distribution of the left circumflex artery was 
. diagnosed if defects involved the posterolateral wall; and 


hypoperfusion in the distribution of the right coronary artery 


. was diagnosed if defects involved the inferior wall. Because 


apical abnormalities could result from hypoperfusion in the 


distribution of any of the three vessels, localization depended 
. on the presence of accompanying scintigraphic abnormali- 


ties. 
Coronary angiography: Selective coronary angiography 


. with visualization of grafts and the native coronary circulation 
_ was performed in multiple projections with the Judkins 
— technique in 25 patients. If a graft could not be demonstrated 
. onselective angiography and if there was no definite evidence 
. of graft closure at the aortic anastomosis, aortic root biplane 
. angiography was performed in the 60? left anterior oblique 


and the 30? right anterior oblique projections. The degree of 


-~ coronary and graft stenosis was determined by agreement of 

_ two independent observers who were unaware of the results 
. of scintigraphy or stress testing. Narrowing of diameter by 75 
. percent or more in a graft, the coronary artery distal to the 
_ graft or a major coronary artery that had not been grafted was 
— considered significant. 


Results 
The results from all 27 patients are shown in Table 


à Coronary anatomy: Significant stenosis existed in 
the native vessel proximal to the site of graft insertion 


in all but one grafted vessel (in Patient 10); thus, per- 


fusion was dependent on the integrity of the graft. 


Complete revascularization was thought to be present 


_in Patients 1 to 9, in whom all grafts, distal vessels and 


major native ungrafted vessels were free of significant 
. stenosis, and in Patient 10, who had an occluded graft 
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FIGURE 2. Comparison of thallium (TI)-201 stress scin- 
tigraphy and exercise electrocardiography (ECG) in 
relation to angiographic results. — — exercise or scin- 
tigraphic study negative for ischemia or no angiographic 
evidence of coronary artery disease; + = exercise or 
scintigraphic study with stress-induced ischemic change 
or angiographic evidence of coronary artery disease; + 
— equivocal or suboptimal study. 


to the right coronary artery but no significant stenosis 
in the native artery. Three patients (Patients 11 to 13) 
with patency of all grafts had stenosis either distal to a 
patent graft or in an ungrafted native vessel. Twelve 
patients (Patients 13 to 25) were found to have stenosis 
in one or more grafts. 

Chest pain: Seventeen of the 25 patients who un- 
derwent angiography had chest pain. Nine of these 
patients had stenosis of either a graft or a native vessel 
(Patients 12, 15 to 17, 19 and 21 to 24), whereas eight 
(Patients 1, 2, 4, 5 and 7 to 10) were considered to have 
complete revascularization. In none of these patients 
did the history, examination or laboratory evaluation 
suggest postcardiotomy syndrome. Among the 11 pa- 
tients with a history of typical angina, 7 (Patients 12, 15 
to 17 and 22 to 24) had stenosis in either a graft or a 
native vessel; however, 4 (Patients 1, 2, 8 and 9) were 
considered to have complete revascularization. Among 
eight patients without chest pain who underwent an- 
giography, only two (Patients 3 and 6) had complete 
revascularization. Overall, chest pain was present in 9 
of 15 patients with a significant postoperative coronary 
abnormality, and thus had a sensitivity rate of 60 per- 
cent. Chest pain was absent in only 2 of 10 patients with 
angiographic evidence of complete revascularization 
(specificity rate only 20 percent). | 

Postoperative exercise stress testing: The results 
of all 23 patients undergoing postoperative graded ex- 
ercise testing who also had follow-up coronary angio- 
grams are shown in Table I and Figure 2. In this group, 
six tests (in Patients 4, 16, 17, 19, 23 and 24) were in- 
conclusive because of suboptimal stress in two patients, 
baseline S-T segment changes in three patients and 
rate-related left bundle branch block in one patient. 
Five of these six patients (all but Patient 4) had signif- 
icant stenosis in either a graft or a native vessel. Among 
the remaining 17 patients, angiographic evidence of 
significant narrowing in either a graft or a native vessel 
was seen in 6 of the 7 patients with a positive stress test 
(Patients 12, 14, 15, 21, 22 and 25), but also in 4 of the 
10 with a negative stress test (Patients 11, 13, 18 and 20). 
When the equivocal tests were excluded, 6 of 10 patients 
with significant postoperative coronary arterial ab- 
normalities had a positive stress electrocardiogram 
(sensitivity rate 60 percent), and 6 of 7 patients with 
angiographic evidence of complete revascularization 
had a negative stress electrocardiogram (specificity rate 
86 percent). 
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STRESS 


FIGURE 3. Patient 15. Stenosis of graft to the right coronary artery. 
Thallium-201 scintigrams and electrocardiogram during stress (above) 
and at rest (below). During stress, a defect involving the inferior wall 
is best seen in the left anterior oblique projection (arrows). At rest, the 
images are normal. The scintigraphic study was positive for inferior wall 
ischemia. Angiography revealed stenosis of grafts to the left circumflex 
and right coronary arteries and in the ungrafted native left anterior de- 
scending coronary artery. The stress electrocardiogram was positive 
for ischemia. Abbreviations as in Figure 1. 


Patients with complete revascularization exercised 
for a slightly longer time (8.2 versus 7.0 minutes) than 
those with stenosis of a graft or a native vessel. However, 
the difference was not significant and could not reliably 
predict the extent of revascularization in an individual 
patient. 

Two patients (Patients 1 and 2) with chest pain at rest 
underwent atrial pacing stress. Both had negative S-T 
responses for ischemia and complete revascularization 
as assessed with angiography. 

Postoperative stress scintigrams: In patients 
undergoing postoperative coronary angiography, thal- 
lium-201 scintigraphy was performed during atrial 
pacing in 2 patients (Patients 1 and 2) and in association 
with treadmill testing in 23 patients (Patients 3 to 25). 
The results are shown in Table I and Figure 2. Overall, 
results of stress scintigraphy were negative in 15 pa- 
tierts. In 10 patients (Patients 1 to 6 and 8 to 11), no 
scintigraphic defect was seen, and in 5 (Patients 7 and 
17 to 20), the defect seen during stress was unchanged 
from the that observed in the study at rest. Two patients 
(Patients 17 and 19) had a suboptimal stress test, and 
both had graft stenosis on angiography. Of the patients 








FIGURE 4. Patient 15. Selective visualization of graft to the right cor- 
onary artery. Note the high grade proximal stenosis in the graft (arrow). 
Stress scintigraphy revealed a correlative inferior wall defect. 


with a negative scintigram during optimal stress testing, 
10 of 13 (77 percent) were considered to have complete 
revascularization. The data from one such patient are 
shown in Figure 1. Of the three patients with a negative 
scintigram and vessel stenosis, two (Patients 11 and 18) 
had stenosis in the distribution of all three coronary 
vessels. Patient 18 also had a large defect at rest. Neither 
patient had well developed collateral vessels on angi- 
ography. The other patient with a negative stress scin- 
tigram (Patient 20) had a fixed defect during rest and 
exercise in a region supplied by an occluded graft. The 
distal native vessel received considerable collateral flow 
from an adjacent successfully grafted vessel. 

All 10 patients with a positive stress scintigram (Pa- 
tients 12 to 16 and 21 to 25) had significant angiographic 
lesions in vessels perfusing the region of scintigraphic 
abnormality. Eight patients had stenosis of one or more 
grafts. An example of a positive scintigram with an in- 
ferior defect is shown in Figure 3. On angiography, 
stenosis of the right coronary bypass graft was demon- 
strated (Fig. 4). An example of a positive scintigram 
with anterior and septal defects is shown in Figure 5. 
Two patients with a positive scintigram had fully patent 
grafts, but their angiograms revealed stenosis in an 
ungrafted native vessel (Patient 12) or stenosis distal 
to graft insertion (Patient 13). Ten of 13 optimally 
stressed patients with significant postoperative coro- 
nary abnormalities had a positive scintigram (sensitivity 
rate 77 percent), and all 10 patients with angiographic 
evidence of complete revascularization had a negative 
scintigram (specificity rate 100 percent). 
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TABLE Il 


Accuracy of Stress Scintigraphy in Localizing Hypoperfusion 
in Patients After Coronary Bypass Surgery 


Vessels Coronary TI-201 

Studied Stenosis Stress 
Vessel (no.) on Angiography Defect 
LAD 25 (23) 11 6 
LOx 25 (20) 10 5 
RCA 25 (17) 7 3 
Total 75 (60) 28 14 


Sensitivity to coronary abnormalities — true positive scintigraphic 
segments/true positive + false negative scintigraphic segments = 
14/28 = 50%. 

Specificity to coronary abnormalities = true negative scintigraphic 
segments/true negative + false positive scintigraphic segments = 
47/47 = 100%. 

Figures in parentheses indicate subjects with at least one bypass 
graft to the coronary system noted. 

LAD = left anterior descending coronary artery; LCx = left circumflex 
coronary artery; RCA = right coronary artery. 
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FIGURE 5. Patient 21. Thallium-201 scintigrams and electrocardiogram 
during stress (above) and at rest (below). Large defects involving the 
anterior wall septum during exercise (arrows) were not present at rest 
and suggest stenosis of the graft to the left anterior descending coronary 
artery. Angiography revealed stenosis of grafts to both this artery and 
the left circumflex coronary artery. The full stress electrocardiogram 
was positive for ischemia. Abbreviations as in Figure 1. 


Stress scintigraphic localization of ischemic regions 
through the distribution of the major vessels is outlined 
in Table II. The stress scintigram in the vascular dis- 
tribution of the left anterior descending coronary artery 
(Fig. 5) was positive in 6 of the 25 patients (Patients 13, 
14, 16, 21, 24 and 25). All had significant narrowing of 
the graft or of the distal native vessel. The stress scin- 
tigram of five patients was positive, with defects in the 
distribution of the left circumflex coronary artery. 
Three of the five (Patients 22 to 24) had significant graft 
stenosis; the two others (Patients 12 and 13) had patent 





POST-OP 





FIGURE 6. Patient 26. Pre- and postoperative evaluation—good result. 
Thallium-201 stress scintigrams and electrocardiograms obtained 
before (above) and after (below) coronary bypass surgery. The pre- 
operative study revealed an inferior wall perfusion abnormality seen 
best in the left anterior oblique projection (arrow) as well as an ischemic 
electrocardiographic response at a low level of exercise stress. After 
placement of a graft to the right coronary artery, the patient became 
symptom-free and demonstrated normal scintigraphic and electro- 
cardiographic findings at much increased exercise stress. Angiography 
was not performed; however, the scintigraphic findings document re- 
perfusion. POST-OP = postoperative; PRE-OP = preoperative; other 
abbreviations as in Figure 1. 


grafts but significant stenosis in a major ungrafted 
branch of the circumflex system. Three patients (Pa- 
tients 15, 16 and 23) had a positive stress scintigram in 
the distribution of right coronary artery (Fig. 3). All 
three had stenosis of the graft to the right coronary ar- 
tery. 

The perfusion pattern involving the distribution of 
75 vessels in 25 patients was assessed. In all cases, a 
positive scintigram correctly localized stenosis to the 
distribution of the appropriate vessel. When all vessels 
with stenosis were considered, 14 of 28 (50 percent) were 
identified with stress scintigraphy. Of the 14 stenotic 
vessels not identified, 5 were distributed to segments 
with defects at rest that did not change during exercise. 
Thallium-201 imaging thus localized 19 of 28 vessels (68 
percent) with significant stenosis. Stress scintigraphy 
was totally specific and in no instance did it demon- 
strate hypoperfusion of the segment unless there was 
a corresponding stenosis in the vascular supply. 
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FIGURE 7. Patient 13. Preoperative evaluation. Thallium-201 scinti- 
grams and electrocardiograms during stress (above) and at rest (below) 
from a patient with a prior anteroseptal infarction. Defects involving 
the anterior wall, septum and posterolateral wall are seen during stress 
(arrows). Angiography revealed triple vessel disease. The stress 
electrocardiogram was judged equivocal because of baseline S-T 
segment depression. Pre OP = preoperative; other abbreviations as 
in Figure 1. 


Comparison of pre- and postoperative scinti- 
grams: Nine patients (Patients 3, 4, 8, 10, 13, 18 and 25 
to 27) were evaluated with stress scintigraphy both 
before and after operation. Six patients (Patients 3, 4, 
8, 10, 26 and 27) who exercised to the same or a higher 
level than that attained preoperatively had scintigra- 
phic evidence of improved perfusion. Four of these pa- 
tients, three with persistent pain, were shown to have 
complete revascularization. The other two (Patients 26 
and 27) did not have a postoperative angiogram. The 
data from the former patient are shown in Figure 6. In 
three patients (Patients 13, 18 and 25), all free of chest 
pain, the postoperative stress scintigram was unchanged 
from the preoperative study. In all three patients, sig- 
nificant stenosis was found on angiography. The pre- 
and postoperative scintigrams of Patient 13 are shown 
in Figures 7 and 8. 


Because the postoperative scintigram successfully 
predicted revascularization in the seven patients who 
underwent repeat angiography, preoperative scintig- 
raphy did not contribute to the predictive accuracy of 
the method. 
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FIGURE 8. Patient 13. Postoperative evaluation—poor result. Thal- 
lium-201 scintigrams and electrocardiogram during stress (above) and 
at rest (below) after coronary bypass surgery (CABG). The patient was 
asymptomatic and had a normal exercise test postoperatively. However, 
scintigraphy suggested continued stress-induced ischemia and angi- 
ography revealed 90 percent stenosis of a large ungrafted vessel in the 
left circumflex system as well as stenosis of the left anterior descending 
coronary artery distal to one of the three patent grafts. Abbreviations 
as in Figure 1. 


Stress scintigraphy compared with chest pain 
and stress electrocardiography: The sensitivity of 
postoperative chest pain (60 percent), abnormal stress 
electrocardiogram (60 percent) and stress scintigraphic 
abnormalities (77 percent) for the presence of postop- 
erative coronary abnormalities showed no significant 
differences, and each indicator was moderately suc- 
cessful in identifying patients with incomplete revas- 
cularization. However, the scintigram was 100 percent 
specific for postoperative coronary abnormalities and 
was more specific than chest pain (P <0.01) in identi- 
fying such abnormalities. Although the specificity of the 
stress electrocardiogram was not significantly different 
from that of the scintigram, the latter study occasionally 
identified patients with false positive (Patient 7) or false 
negative (Patient 13) stress tests. An example of a false 
negative electrocardiogram and correctly positive 
scintigram in a patient with stenosis of the left anterior 
descending and left circumflex coronary arteries is 
shown in Figure 8. 

Exercise testing was inconclusive in six patients 
(Patients 4, 16, 17, 19, 23 and 24). Scintigraphy was 
positive in three of these patients (Patients 16, 23 and 
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FIGURE 9. Double graft closure—equivocal electrocardiogram. Patient 
23. Thallium-201 scintigrams and electrocardiogram during stress 
(above) and at rest (below). Defects involving the posterolateral and 
inferior walls during exercise (arrows) are not present at rest. These 
findings are consistent with exercise-induced ischemia in the distribution 
of the left circumflex and right coronary arteries. Angiography revealed 
stenosis of grafts to both these arteries. The electrocardiogram was 
considered equivocal because of resting electrocardiographic changes 
in association with left bundle branch block (LBBB). Abbreviations as 
in Figure 1. 


24), all of whom had significant stenosis on angiography. 
The data from Patient 23 are shown in Figure 9. The 
results of scintigraphy were negative in three patients, 
including one (Patient 4) who had complete revascu- 
larization. The two patients with a negative scintigram 
and stenosis on angiography (Patients 17 and 19) had 
a suboptimal stress test. 

Prior infarction: Among the 27 patients included 
in the study, 9 (Patients 7, 12 to 14, 17 to 20 and 27) had 
an abnormal scintigram at rest. Seven of these subjects 
had Q waves in the electrocardiogram in the distribution 
corresponding to the perfusion defect. An additional 
defect was seen on stress scintigraphy in three of these 
patients, each with a related graft or native vessel ste- 
nosis (Patients 12 to 14). Of the six patients with a 
negative stress scintigram who had a fixed defect, three 
(Patients 17 to 19) had stenosis of a vessel in addition 
to the vessel supplying the segment of myocardium that 
manifested the defect at rest. 


Discussion 


Thallium-201 is a monovalent cation whose myo- 
cardial uptake in viable tissue is proportional to regional 
coronary blood flow. Of the radionuclides currently 
available to evaluate noninvasively myocardial perfu- 
sion, thallium-201 appears to have the best physical 
properties for obtaining high resolution perfusion im- 
ages.!? Perfusion defects during thallium-201 imaging 


appear to correlate well with coronary stenosis.4-6 This 
study was designed to assess the use of thallium-201 
stress scintigraphy in the follow-up evaluation of pa- 
tients after coronary bypass surgery and to correlate the 
scintigraphic findings with coronary anatomy. 

Positive stress scintigram: Thallium-201 stress 
scintigrams were positive in 10 of 25 patients who un- 
derwent repeat angiography. All 10 had 75 percent or 
greater narrowing of at least one vessel. Stenosis was 
found in the grafts of eight of these patients and in a site 
distal to the graft insertion or in an ungrafted vessel in 
the other two patients. Had angiographic evaluation 
been confined to examination of the grafts, the scinti- 
grams of the latter two patients might have been con- 
sidered examples of false positive studies. Their pres- 
ence in this series helps to underscore the complexity 
of the vascular supply in the patient after coronary 
bypass, and to point out conditions, other than graft 
stenosis, that could lead to hypoperfusion and result in 
poor postoperative results. 

Negative stress scintigram: Thallium-201 stress 
scintigrams were negative in 15 patients who underwent 
repeat angiography. Ten of these patients were con- 
sidered to have complete revascularization. Two pa- 
tients with graft stenosis had negative thallium-201 
scintigrams during suboptimal stress testing. 
McLaughlin et al.!! have shown that the ability of stress 
scintigraphy to identify critical stenosis increases with 
the level of exercise, and it is possible that these patients 
did not have perfusion defects because of insufficient 
stress. In patients with optimal stress, 10 of 13 (77 
percent) who had a negative scintigram were considered 
to have complete revascularization. Combining sensi- 
tivity and specificity, the overall rate of scintigraphic 
accuracy was 85 percent, a level similar to that achieved 
in patients with coronary artery disease who had not 
undergone bypass surgery.*-6 Because the accuracy of 
the scintigrams was assessed by comparing them with 
the angiographic data, three patients appeared to have 
a false negative scintigram. An alternative possibility 
is that hypoperfusion did not develop in these patients, 
despite the presence of what was considered significant 
stenosis. Flow to a segment of myocardium that is ap- 
parently perfused by a stenotic graft or native vessel 
may not depend exclusively on this single coronary 
vessel. Collateral flow, possibly originating from a suc- 
cessfully grafted adjacent vessel, may be sufficiently 
great to protect against stress-induced hypoperfusion. 
Significant collateral flow to a region served by a 
stenotic graft was noted in one of our patients. 

Other possible reasons for a negative scintigram in 
patients with coronary stenosis were sought. In two 
patients (Patients 18 and 20), a large defect at rest 
representing prior infarction probably decreased our 
ability to recognize stress-induced hypoperfusion. Be- 
cause scintigraphic defects depend on relative hypo- 
perfusion of a segment of myocardium, a region may be 
hypoperfused during stress but still have greater per- 
fusion than in an infarcted region and thus not be rec- 
ognized. In two patients with triple vessel disease it is 
possible that stress-induced hypoperfusion developed 
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in a homogeneous pattern so that localized relative 
perfusion defects were not seen.!? 

Although many of our patients were receiving pro- 
pranolol or digoxin, or both (drugs that could affect the 
distribution of thallium-201), our good results, as well 
as those reported previously in patients evaluated for 
the presence of coronary disease, suggest that these 
drugs have a minimal effect on the scintigram. 

Sensitivity of a positive stress scintigram: Al- 
though a positive thallium-201 stress scintigram accu- 
rately localized the presence of a stenotic vessel in each 
case, it did not identify all stenotic vessels. In our series, 
50 percent of all stenotic grafts or native vessels, or both, 
were identified with stress scintigraphy. When defects 
seen in the resting study were combined with those 
elicited by stress, 69 percent of stenotic vessels were 
identified. This lack of overall sensitivity in relating 
stenosis to perfusion may again possibly be due in part 
to the effects of collateral vessels. In addition, in several 
of the patients with multivessel disease, a positive 
scintigram successfully localized perfusion defects to 
some but not all of the involved vessels. Because the test 
detects relative perfusion it is probable that patients 
with multiple areas of hypoperfusion manifest defects 
only in the most severely affected regions. 

Comparison with other radionuclide studies: 
Perfusion defects were often subtle (Fig. 3 and 9), and 
considerable experience is necessary to identify accu- 
rately such abnormalities. In our study all scintigraphic 
defects were identified from the analog images by 
blinded observers. As suggested by Berger et al.,* 
computer enhancement of images may facilitate inter- 
pretation and further increase the diagnostic yield of 
the procedure. 

Zaret et al.!4 compared pre- and postbypass potas- 
sium-43 scintigrams to evaluate graft patency and found 
the method specific but far less sensitive than our 
method. Their patients with a normal or improved 
scintigram had at least one patent graft, whereas those 
whose scintigram was worse or unchanged after opera- 
tion had all grafts occluded. Lurie et al.!? showed im- 
provement in the perfusion pattern of 15 patients 
studied before and after bypass surgery with rubid- 
ium-81 stress scintigraphy; however, they did not obtain 
angiographic confirmation of the surgical results. 

Postoperative scintigram as a predictor of re- 
vascularization and graft patency: Recent reports 
have suggested that comparison of pre- and postoper- 
ative thallium-201 stress scintigrams can reliably pre- 
dict graft patency,!9-15 and Ritchie et al.18 concluded 
that the presence of an exercise defect in the postoper- 
ative study was associated with lowered graft patency 
rates. Our results confirm that postoperative imaging 
alone can be used to predict the extent of revascular- 
ization and graft patency and that accurate postoper- 
ative evaluation is possible in bypass patients who have 

. not been evaluated preoperatively. 

In our patients who underwent scintigraphy both pre- 

and postoperatively, evidence of improved perfusion 
was seen in patients with successful revascularization. 
These results are consistent with observations in pre- 
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vious studies!4-18 in which scintigraphic improvement —- 
was associated with graft patency and scintigraphic 
deterioration or lack of scintigraphic change was con- — - 
sistent with graft closure or incomplete revasculariza- 
tion. 

Comparison with patient history, exercise ca- 
pacity and electrocardiographic response to ex- à 
ercise: Although these clinical findings are helpful in _ 
the evaluation and management of patients after bypass 
surgery, they are relatively poor indicators of revascu- 
larization and graft patency. In our patients chest pain — 
was a particularly unreliable indicator of the results of 
surgery and could not discriminate between patients 
with recurrent vascular stenosis and those with com- 
plete revascularization. Although relief of chest pain has 
been shown to correlate with graft patency,!??? the in- 
terpretation of symptom relief is complicated by addi- © 
tional factors, including the placebo effect of surgery, 
perioperative infarction and possibly surgical dener- 
vation.21-23 In the reports of both Sheldon?* and Kou- — 
choukos2° and their co-workers, a significant number 
of patients with graft closure experienced relief of chest 
pain. The poor discriminating quality of chest pain, - 
even when described as typical angina, in this group of 
patients differs considerably from the experience in — 
patients not operated on whose angina is reliably cor- 
related with coronary artery disease.”° 

Although improved exercise tolerance has been as- 
sociated with revascularization,?9?? individual varia- 
tion is great and prediction of graft patency is hazard- 
ous, particularly when a preoperative test is not avail- 
able for comparison.?? In our patients the slight trend - 
toward greater exercise tolerance in patients with 
complete revascularization was a poor indicator of the | 
status of coronary anatomy in an individual patient. 

When thallium-201 stress scintigraphy was com- 
pared with stress electrocardiography, scintigraphy — 
appeared to be of greatest value in patients with in- - 
conclusive electrocardiograms. Scintigraphy also added — 
to the diagnostic accuracy of stress testing by identifying 4 
occasional patients with false positive and false negative b 
electrocardiograms (Fig. 2). Similar results using stress — 
scintigraphy have been reported in the evaluation of P 
patients without bypass grafts.*-9? Additionally, the — 
scintigram offered localizing information that could be . 
quite useful in the evaluation of coronary stenosis after 3 
bypass graft surgery. 

Possible limitations of study: We monitored only 
a single CMs electrocardiographic lead. The use of 
multiple leads during stress testing would probably . 
result in increased sensitivity of the stress test to isch- - 
emic changes; however, it is probable that the number | 
of false positive results would also increase, leading to — 
a decrease in specificity. Use of multiple leads would - 
probably not resolve the equivocal tests. S 

The patients in this study constitute a selected group — 
and do not represent the general group of patients 
undergoing coronary bypass surgery. Almost two thirds . 
of our patients were studied because of recurrent chest É 
pain. A less selected study population would probably 
result in a smaller incidence of graft occlusion and a i 


T M m rud ae sf k = MS d 


(TEAN i 


out MTS A € un PY T, T ev » 
f. Ln te Mee in ALD ma a ta n a I eth 


^ 


eels 
Me ciim m le 





aa 
y i 





1 
1 
4 
^ 


a 


à 


pdt hm "» e$ " I^. 4 4 
PE en August 1978 The American Journal of CARDIOLOGY Volume 42 175 4 
EEE EYES Imo hm RENS NM ie mor 











ET 

























Ny 





br è 





€ 


rÀ 2 Y . WI mn 


"GP "PR "ds 
"y x o} Nr rv, = "Tl ra Y 
Den P NIAE ea Y B 





N i eA -" 2 Tm - " m = à TARI j : a [s j: 
THALLIUM-201 SCINTIGRAPHY A YPASS SURGERY 


somewhat different rate of scintigraphic accuracy. 


However, our patients do appear to be representative 


of patients who require follow-up evaluation postop- 
eratively for clinical indications. 

Implications: The effectiveness of thallium-201 
myocardial perfusion scintigraphy in patients after 
coronary bypass surgery appears to be similar to that 


in patients without such surgery. Factors influencing 


image sensitivity and specificity also appear to be sim- 
ilar in the two groups. Thallium-201 scintigraphy seems 
to be an important noninvasive method for assessing 
myocardial perfusion after bypass surgery. Although 


. comparison of pre- and postoperative studies can be 


.. used to document the effects of surgery, postoperative 
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scintigraphy alone can sensitively and specifically detect 
and localize significant stenosis in grafts or native ves- 
sels. The method should serve as a useful noninvasive 
technique for the future evaluation of the postcoronary 
bypass patient. 
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Serial myocardial scintigraphy after a single dose of thallium-201 in the 
period immediately after myocardial infarction may demonstrate redis- 
tribution of thallium-201 into perfusion defects that were evident in the 
initial scan. This study tested the hypothesis that evaluation of this re- 
distribution, available within hours of infarction, could provide a more 
accurate estimate of the eventual perfusion defect than a single thal- 
lium-201 image obtained immediately after infarction. The study group 


~ comprised 14 patients with a diagnosis on admission of probable acute 


myocardial infarction. The patients received thallium-201 a mean of 1.3 
hours after admission to the coronary care unit. Imaging began 10 minutes 
after the thallium injection and was repeated 4 to 8 hours later. 

Eight patients with acute myocardial infarction had a definite reduction 
in one or more perfusion defects on serial scintigraphy, possibly indicating 
reperfusion of transiently ischemic zones. Two patients with acute in- 
farction had an increase in perfusion defects in a second study performed 
6 hours after the initial scintigram. In the interval between scans, one 
patient had a cardiac arrest with clinical evidence of infarct extension 


after successful resuscitation; the other sustained a lateral extension of 
the infarct. One patient with acute aortic dissection had normal scans on 
both studies. All three patients with unstable angina had an abnormal initial - | 


scan; on repeat scan, the thallium-201 defect was unchanged in one 


patient, increased in one and decreased in the third. In the patients with t 
myocardial infarction, repeat thallium-201 scans corresponded more 
nearly than the initial scans to the extent of technetium-99m stannous 


pyrophosphate uptake by the heart. 


These data suggest that serial myocardial imaging with thallium-201 
immediately after myocardial infarction can overcome some of the limi- _ 


tations of a single thallium-201 scintigram and may be useful in delineating 
ischemic from infarcted myocardium in the postinfarction period. 


Techniques for evaluating cardiac performance utilizing radionuclides 
have been developed and improved in the last few years. Among these 


techniques are means for assessing myocardial perfusion. Radioactive 


monovalent cations and radionuclide-labeled microspheres have been 
the chief agents utilized.!- Of the monovalent cations, thallium-201 has 
the most desirable radiochemical qualities for gamma camera imaging,*° 
with a relatively long half-life (73.5 hours) and a satisfactory emission 
spectrum for collimation and imaging. Myocardial concentration of 
thallium-201 depends on blood flow? and on the integrity of the sarco- 
lemma and its sodium-potassium adenosine triphosphatase [(Na*- 
K*)-ATPase].9 Recent studies have suggested that thallium-201 scin- 


tigraphy is of substantial value in evaluating patients with stable angina 
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pectoris? and in detecting acute myocardial infarction.? Thallium-201 . 
perfusion defects noted after an acute myocardial infarction have been — 


correlated with infarct size estimated at postmortem examination? and 
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with the positive scintigraphic image of damaged 
myocardium detected with agents such as techne- 
tium-99m stannous pyrophosphate.!%!1 The role of 
thallium-201 scintigraphy in assessing patients with 
acute myocardial infarction is less clear than in patients 
with stable angina pectoris because scintigraphic defects 
in the former represent old infarctions as well as new 
areas of infarction and, possibly, areas of transient 
ischemia.8 

Pohost et al.!? demonstrated that the size of a per- 
fusion defect produced by transient coronary occlusion 
in dogs or by exercise-induced ischemia in patients with 
stable angina pectoris will decrease when imaging is 
performed serially 15 minutes and 4 to 6 hours after a 
single intravenous dose of thallium-201. They concluded 
that the change in the image reflects redistribution of 
thallium-201 into transiently ischemic myocardium and 
that serial imaging in this manner differentiates in- 
farcted from transiently ischemic muscle. They did not 
find significant redistribution of thallium-201 in pa- 
tients with uncomplicated acute myocardial infarction 


TABLE | 
Clinical Data and Summary of Scintigrams 


Prior 
Case Age Infarc- Clinical 
no. (yr) tion Diagnosis 
1 62 0 Inf-P MI 
2 52 0 Inf-L MI 
3 52 0 Inf MI 
4 55 P SE MI 
5 52 0 SE MI 
6 51 0 PL MI 
7 54 0 Inf MI 
8 57 ? Ant Ant MI 
9 59 Inf Inf MI with 
extension 
10 61 0 Ant Ap MI with 
inf-L extension 
11 39 Inf UA 
12 65 Inf SE UA 
13 53 ? Inf UA 
14 72 0 Acute 
Ao 
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studied 24 to 96 hours after the onset of symptoms. 
However, Wackers et al.8 reported that the maximal 
number of detectable thallium-201 defects occur within 
24 hours of the onset of acute infarction. It follows that 
serial scintigraphy after a single injection of thallium- 
201 would be more apt to demonstrate redistribution 
of thallium-201 into a previous perfusion defect if serial 
studies were performed immediately after acute in- 
farction. In addition, it is possible that such serial 
studies might give a more accurate estimate of the 
eventual thallium-201 defect than a single image and 
yet be available within hours of the patient's infarction. 
The purpose of this study was to determine the patterns 
of thallium-201 redistribution into perfusion defects 
when serial scintigraphy is carried out immediately after 
myocardial infarction. 


Material and Methods 


Patients: The subjects were 14 men admitted to the coro- 
nary care unit at the Veterans Administration Hospital, 
Dallas, Texas with a clinical diagnosis or strong suspicion of 


Peak Serum CK 


Change on IU/ml 

Repeat 9emrc Max 

Scan PYP Scans Total* MB 
lm 2+ P-L 556 56 
3+ P-L 234 20 
Same 3+ Ant-L 168 67 
N 
Same 
l 3+ L 220 AE 
N 24- Diff 162 T 
?P 34-L 144 
l 3+ Inf 785 

N 

Same 
N 1020 
?L 
Same 3+ Inf P-L 356 45 
Same 
New Ap 
Same 4+ Ant 928 
S 
Same 
New Ap 
Same 18 T 
Same 
Same 
| Neg 36 t 
Same Neg 34 T 
New Ap 
Same 83 T 


Diss 
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= not done; ? = possible; | = decreased. 

Ant = anterior; Ao Diss 
Diff = diffuse; Inf = inferior; L = lateral; MI = myocardial infarction; N 
phosphate; P = posterior; S = septal: SE = subendocardial (nontrans 
* Upper limits of a normal male population = 80 IU/ml. 


= aortic dissection; Ap = apical; CK and CKMB 
= normal or resolved; Neg = negative; ?9"Tc PYP 


= creatine kinase and creatine kinase MB isoenzyme, res Ctively; 


= technetium-99m pyro- 


mural); UA = unstable angina. 


t No or insignificant (<15 IU/ml, Calbiochem document no. L06009) isoenzyme MB present as determined by the method of Rao et al.14 
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acute myocardial infarction. The age range was 39 to 72 years 


(mean 52). These 14 patients represented consecutive ad- 
missions when thallium-201 was available. On final diagnosis, 
10 had acute myocardial infarction, 3 unstable angina pectoris 
and 1 acute dissecting aneurysm of the ascending aorta. Final 
diagnoses were assigned on the basis of historical, electro- 
cardiographic and serum enzyme data. All patients had serial 
electrocardiograms and determination of serum creatine ki- 
nase, oxaloglutamic transaminase, lactic acid dehydrogenase 
and alpha hydroxbutyric acid dehydrogenase values for 5 or 
more days. À final diagnosis of either myocardial infarction 
or unstable angina required that the patient have pain typical 
of ischemic heart disease. The diagnosis of transmural myo- 
cardial infarction required development of pathologic Q waves 
in the electrocardiogram and elevation of at least one of the 


serum enzymes to twice the upper limit of normal at the ex- 


pected time interval? The diagnosis of subendocardial 


myocardial infarction required the same serum enzyme cri- 


teria in addition to electrocardiographic abnormalities con- 
sistent with myocardial ischemia (greater than 1 mm S-T 
segment depression with a flat or downsloping contour or 
greater than 5 mm T wave inversion in any lead other than 
aVR or V4). 

Thallium-201 myocardial scintigraphy: This procedure 
was performed within a mean of 1.3 hours after admission 
(within 2 hours for all but one patient studied at 3.9 hours) and 
within 6 hours (mean 4.2) of the onset of symptoms. Scintig- 
raphy was performed at the bedside 10 minutes and then 4 to 
8 hours (mean 5.7) after intravenous injection of 1 to 2 mCi 
thallium-201 chloride (New England Nuclear) with an Ohio 
Nuclear 120M mobile scintillation camera fitted with a par- 
allel hole, low energy, high resolution collimator and adjust- 
ment of the pulse height analyzer to record the 69 to 80 kev 
photons with a 20 percent window. Images of 200,000 counts 
were obtained in anterior, 45? left anterior oblique and left 
lateral views. Imaging time was 6 to 12 minutes. All images 
were interpreted from the unprocessed Polaroid? photo- 
graphs. 

The images were read independently in random sequence 
by two of us without knowledge of the identity of the patient, 
the time of the study (initial or repeat) or clinical data. They 
were graded as normal or as showing a definite or possible 
perfusion defect, as previously proposed. A defect was said 
to be present if an area of myocardium manifested no activity 
greater than background level. A possible defect was defined 
as an area with less activity than that of the patient's areas of 
normal uptake but more than that of background. Areas of 
thallium-201 defect were described as anterior, septal, apical, 
lateral, inferior or posterior, as described by Wackers et al.89 
Only complete absence of activity at the apex was considered 
abnormal. After interpretation of each scintigram, the initial 


„scan for each patient was paired with the repeat scan and the 


two images were compared without knowledge of their tem- 
poral sequence. Any defects in the initial and repeat scans 
were compared and interpreted as unchanged, increased or 
decreased. Final interpretation was derived by a consensus 
reading of the two reviewers. When there was no consensus, 
the more normal of the two interpretations was recorded. Of 
the 168 segments evaluated, the observers differed on the 
assessment of 16 percent as follows: defect versus questionable 
defect (8 percent), normal area versus questionable defect (4 
percent) and normal area versus defect (5 percent). Computer 
enhancement of the thallium-201 scintigrams was accom- 

plished with a Hewlett-Packard 5407A Scintigraphic Data 

Analyzer. Computer-enhanced images were not utilized in the 

blinded interpretation of the images and were obtained for 

illustrative purposes only. 
Determinations of total serum creatine kinase were per- 
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formed at least daily for 5 days. In nine patients (Table I) total 
creatine kinase and isoenzyme MB determinations were 
performed on admission, as well as 4, 8, 12, 18, 24, 36, 48 and 
72 hours later, according to the method of Rao et al.14 
Scintigraphy with technetium-99m stannous pyrophos- 
phate was performed 3 to 7 days after admission, 45to90 | 
minutes after intravenous injection of 15 mCi of techne- __ 
tium-99m stannous pyrophosphate (technetium-99m-per- 
technetate [Medi-Physics, Inc.] mixed with tetrasodium py- — 
rophosphate with tin [An-Pyrotec, Ackerman Nuclear, In]. a 
Areas of pyrophosphate uptake were localized and rated 0 to I 
4+, as described by Parkey et al.!° The areas of pyrophosphate — 
uptake and thallium-201 defect in the same patient were — 
measured with calipers and compared visually. Infarct images _ 
were considered discordant in size only when discordance was 
unquestionably evident on visual inspection.!6 


Results 


Thallium-201 scintigram: The final clinical diag- — 
noses, interpretation of the initial and repeat thal- - 
lium-201 scintigrams and the results of the pyrophos- . 
phate scintigrams are shown in Table I. Of the 14 pa- — 
tients with a presumed diagnosis of acute myocardial - 
infarction, 10 subsequently met the criteria for an in- - 
farction. Three patients were considered to have un- 
stable angina pectoris with either “crescendo angina 


SPT 


Cathal 


wm Mp 


pectoris" (Cases 11 and 13) or prolonged pain (Case 12) 9 
without objective confirmation of infarction. One pa- _ 
tient (Case 14), the only one who died, was found at ~ 
autopsy to have an acute dissecting aneurysm of the d 


ascending aorta with hemopericardium. All but two of 
the patients (Cases 9 and 10) with a final diagnosis of - 
acute myocardial infarction had a reduction in the size 
of at least one area of the thallium-201 perfusion defect. 
Typical scintigrams are illustrated in Figures 1 and 2. 
Between the initial and repeat studies, Patient 9 sus- - 
tained an extension of his infarct and survived ven- — 
tricular fibrillation and cardiopulmonary resuscitation. 
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Patient 10 sustained an anteroapical myocardial in- E 
farction with a subsequent inferior-lateral extension. 3 
These two patients were the only subjects with a myo- 


~ 
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cardial infarction whose thallium-201 defect increased — 
in size on repeat study. 

A total of 60 anatomic myocardial segments in the 10 
patients with acute infarction were satisfactorily dem- 
onstrated with thallium-201 in both studies. Of these, - 
20 segments had either a perfusion defect or a possible - 
perfusion defect in the initial study. Eleven of these 
areas of definite or possible perfusion defect were di- - 
minished or became normal at the time of the repeat - 
study. In both patients with myocardial infarction and © 
evidence of extension, one segment that initially ap- — 
peared normal showed a perfusion defect in the repeat — 
scan. With exclusion of these patients, of 48 satisfac- - 
torily demonstrated segments, 15 had a definite or — 
possible perfusion defect, 11 of which decreased or re- - 
solved on the repeat study. 

Correlation with serum creatine kinase: The peak 
serum creatine kinase and isoenzyme MB fractions of 
the eight patients with transmural myocardial infarc- 
tion are listed in Table I. Significant elevations of serum 
creatine kinase and isoenzyme MB were seen in four 
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7 HR SCAN 


INITIAL SCAN 


ANT. 


LAO 
FIGURE 1. Patient 1. Initial (left) and repeat (right) 
thallium-201 scintigrams for the anterior, 45° left 
anterior oblique and lateral views. Unprocessed (left 
i of each pair) and computer-enhanced (right of each 
| LAT pair) images are shown for each view. The posterior 


patients with a clinical diagnosis of acute transmural 
myocardial infarction but were not observed in the three 


patients with a diagnosis of unstable angina. The en- 


zyme and electrocardiographic estimations of infarct 
size are difficult to correlate with the thallium-201 de- 
fects because the former criteria suggested an infarct 
of small to moderate size in seven of the eight patients 
with uncomplicated infarction. 

Correlation with pyrophosphate scintigrams: In 
all patients who met the electrocardiographic and serum 
enzyme criteria for acute myocardial infarction the 
‘pyrophosphate scintigram was positive when obtained 

(Table I). Of the patients with transmural infarction, 
all had discrete deposition of pyrophosphate. One of the 
two patients with subendocardial infarction had dis- 
crete pyrophosphate uptake, and one had diffuse up- 


| INITIAL SCAN — 7 HR SCAN 


FIGURE 2. Patient 5. Initial (left) and repeat (right) unprocessed 
(upper) and computer-enhanced (lower) thallium-201 scintigrams from 
the left anterior oblique view. The inferior perfusion defect resolved 
7 hours after the admission study in this patient with a clinical diagnosis 
of subendocardial infarction. 





perfusion defect was decreased, and the lateral defect 
remained essentially unchanged 7 hours after the 
initial scan. ANT. = anterior; LAO = left anterior 
oblique; LAT. = lateral. 


take, as previously described.!? Of the eight patients 
with discrete pyrophosphate deposition, the perfusion 
defects noted on repeat thallium-201 scintigraphy more 
nearly approximated the size of the infarcted zone as 
defined with pyrophosphate scintigraphy than did those 
of the initial scan. The abnormalities of thallium-201 
distribution in the initial scans were uniformly larger 
than those of pyrophosphate deposition in uncompli- 
cated infarction (Fig. 3). In the two patients with other 
clinical evidence of infarct extension, the repeat thal- 
lium-201 image defects were larger than in the initial 
scintigram and best approximated the size indicated in 
the pyrophosphate study (Fig. 4). 

Pyrophosphate scans performed in two patients with 
unstable angina (Cases 12 and 13) failed to demonstrate 
radioactive uptake. However, the results of thallium-201 
scans in each patient were abnormal, both initially and 
on repeat study. In one of these patients, the thallium- 
201 perfusion defect was smaller in the repeat than in 
the original scan. The thallium-201 defect persisted in 
the repeat study in areas where these patients had 
previously sustained a myocardial infarction (Table 
D. 


Discussion 


Our results demonstrate the changes that may be seen 
when serial thallium-201 scintigraphy is performed in 
the immediate postmyocardial infarction period. When 
serial scintigraphy is performed both immediately and 
4 to 8 hours after thallium-201 injection in this setting, 
redistribution of the thallium-201 into areas of perfu- 
sion defects may be seen when the later image is com- 
pared with the initial scan. Redistribution of thal- 
lium-201 was uniformly present in the eight patients 
who underwent imaging after an uncomplicated acute 
myocardial infarction. In these eight patients, no clinical 
evidence of continued myocardial damage occurred 
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FIGURE 3. Patient 7. Left anterior oblique (LAO) 
view of the initial (left) and repeat (middle) thal- 
lium-201 (201TL) scintigrams and the pyrophos- 
phate (PYP) scintigram (right) done 4 days after 
myocardial infarction (MI). This patient sustained 
an acute inferior myocardial infarction. The initial 
thallium-201 scan showed possible inferior and 
lateral defects and a posterior defect. The repeat 
(reperfusion) study showed a decrease in the area 
of possible inferior defect and resolution of the 
possible lateral defect. The posterior defect was 
unchanged. The extent of pyrophosphate depo- 
sition more nearly corresponded to the repeat than 
to the initial thallium-201 defect. 


45? LAO 
VIEW 


between the serial images. The two patients with an 
increased number of perfusion defects in the thal- 
lium-201 reperfusion scan both had extension of their 
myocardial infarct in the interval between the initial 
and repeat studies. Regardless of the direction of change 
in thallium-201 uptake between the serial studies, the 
thallium-201 defect seen in the repeat or reperfusion 
study appeared to correspond most closely to the area 
of infarction defined with the pyrophosphate scan. The 
thallium-201 image defect observed immediately after 
thallium administration was uniformly larger than the 
area of pyrophosphate uptake if the patient had a stable 
course. The initial thallium defect was smaller than the 
pyrophosphate image in the two patients with evidence 
of infarct extension. 

Interpretation of serial findings after myocardial 
infarction: The most likely explanation for our findings 
is that transiently ischemic but not dead myocardium 
slowly extracted thallium-201 from the small amount 
of isotope present in the circulating blood during the 4 
to 8 hours that elapsed between the two scans. This 
explanation is consistent with the reduction in size of 
thallium-201 defects reported by Wackers et al., who 
performed scanning studies in patients 24 hours after 
infarction and compared the resulting image defect with 


FIGURE 4. Patient 10. Anterior (ANT) and left 
anterior oblique (LAO) views of the initial and re- 
peat (reperfusion) thallium-20 1 (?°'TL) scintigrams 
and the pyrophosphate (PYP) scintigram per- 
formed 4 days after myocardial infarction (MI). This 
patient sustained an acute anteroapical myocar- 
dial infarction with inferolateral extension (as 
assessed with electrocardiography). The initial 
thallium-201 scan showed inferior and anterior 
defects and a possible septal defect. The repeat 
(reperfusion) study showed marked loss of apical 
activity, best evident in the anterior view, and the 
septal area had less activity than in the initial study. 
The extent of pyrophosphate deposition more 
nearly corresponded to the repeat than to the initial 
thallium-201 scintigraphic defect. 
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that seen in scintigrams obtained within 24 hours of an — 


acute myocardial infarction. Moreover, serial scintig- - 


raphy performed within a few hours of infarction util- — 
izing a single thallium-201 dose appears to provide in- - 

formation similar to that obtained by waiting 24 hours, | 
as judged from the concordance of the reperfusion scan — 


defect with the area of pyrophosphate uptake. If re- 


distribution is considered a result of slow uptake by - 
transiently ischemic tissue,!? serial scintigraphy after - 


a single thallium-201 dose may overcome some of the 


>: se 


limitations of immediate postmyocardial infarction — 


scintigraphy because it appears to demonstrate isch- 
emia as well as infarction and may also distinguish be- 
tween them. Hence, the redistribution of thallium-201 


in our patients with uncomplicated myocardial infarc- - 
tion may be related to the similar redistribution that — 
occurs in ischemic but not in infarcted myocardium on ~ 


exercise thallium-201 scintigraphy.!? If this is the case, 
redistribution of thallium-201 into a defect in the later 


of the serial scans would suggest an area of transient 


] 
| 
^i 


ischemia. A defect in both the initial and repeat scans | 


would suggest necrosis, due to either an old or an acute 
infarction. Likewise, failure of reperfusion or an increase 
in the thallium-201 defect in the later study would 


suggest extension of the original area of damage or the 
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presence of a very limited area of periinfarction isch- 
. emia. 

Wackers and his colleagues9? noted that the decrease 
_ in the size of a thallium-201 defect appears to be greater 
in smaller than in larger infarcts when a scan within the 
first 24 hours after myocardial infarction is compared 
. with a later scan. Most of our patients had a relatively 
small infarct area as judged from serum enzyme values, 
and it is possible that the differences between the initial 
and repeat thallium scintigrams were greater than they 
would have been had the infarcts been larger. None- 
theless, these preliminary observations seem promising 
enough to suggest a clinical usefulness for serial myo- 
cardial scintigraphy after a single thallium-201 injection 
carried out in the first few hours after acute myocardial 

infarction. 
_ Infarction versus partial necrosis in ischemia: An 
alternative explanation should be considered. Buja et 
al.!® reported the presence of thallium-201 in the pe- 
riphery of myocardial infarcts. Although this uptake 
may be due to islets of normal or nearly normal myo- 
cytes with intact sodium-potassium adenosine tri- 
phosphatase scattered among necrotic cells, Buja et al. 
raised the possibility that, with reflow into the infarc- 
tion, thallium-201 may be sequestered in an unknown 
way in the periphery of the infarction in the absence of 
an active membrane transport system. However, their 
data also suggest that the areas described have alter- 
ations in thallium-201 uptake that are parallel with the 
changes in blood flow measured with microspheres. 
Thus, the redistribution of thallium-201 seen in our 
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study is consistent with the blood flow data of Buja et 
al. However, reflow of blood or isotope into irretrievably 
infarcted zones was not examined in either study. In 
view of the relatively similar sizes of the defects in the 
repeat thallium-201 postmyocardial infarction scinti- 
grams and in the pyrophosphate scans, it appears more 
likely that the larger initial thallium defects represented 
ischemic as well as infarcted areas. 

Clinical implications: There is a substantial interest 
in assessing the effect of various physiologic and phar- 
macologic interventions on myocardial infarct size.19 
Therefore, development of sensitive and accurate 
techniques for myocardial infarct sizing and distin- 
guishing areas of ischemia from infarction is crucial. 
Serial thallium-201 imaging, when accomplished in the 
immediate postmyocardial infarction period, may have 
promise in this regard. Efficacious early interventions 
designed to prevent ischemic muscle from becoming 
necrotic might lead to greater resolution of the thal- 
lium-201 defect seen in the initial scintigram. Studies 
utilizing this technique as an assay of pharmacologic 
influence on infarct size must take care to account for 
any membrane-altering effects of the agent under study 
that may affect the myocardial concentration of po- 
tassium and metallic cations that are similarly trans- 
ported.?0 
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Twenty-eight patients with subendocardial infarction (Group A) were 
compared with 28 patients with unstable angina (Group B) and 28 with 
stable angina (Group C) matched for age and sex. The three groups did 
not differ in prevalence of diabetes, hypertension, old infarction or duration 
of disease. There were no significant differences in number of diseased 
vessels, coronary score, abnormal left ventricular wall motion or left 
ventricular end-diastolic pressure. Angiograms performed 2 weeks 
postoperatively revealed closure of 3 of 31 grafts (16 patients) in Group 
A, closure of 3 of 34 grafts (17 patients) in Group B and closure of 6 of 50 
grafts (22 patients) in Group C (differences not significant). Postoperative 
angiograms showed improved wall motion in 37 percent of Group A, 53 
percent of Group B and 36 percent of Group C (differences not significant). 
Postoperative new Q waves appeared in one patient in Group A and in two 
patients in Groups B and C. There were no hospital or late deaths. Ina 
mean follow-up period of 29 months, 68 percent of patients in Group A, 
61 percent in Group B and 54 percent in Group C were asymptomatic. 
Thus, bypass grafting was performed with similarly low mortality and 
morbidity in patients with subendocardial infarction and in those with 
angina; more than one third of postoperative angiograms in the three 
groups showed improved wall motion; and late follow-up studies dem- 
onstrated functional improvement in the majority of patients in all three 
groups. 


The course of coronary artery disease is unpredictable in any individual 
patient with angina pectoris. However, in recent years, studies? have 
shown that in some patients “stable” angina passes through the stages 
of “unstable,” "progressive" or *preinfarction" angina before a 
transmural or subendocardial infarction develops. After the initial 


controversies concerning prognosis in surgically treated patients with . 


unstable angina,!-? several studies9-? indicated not only symptomatic 


improvement but also longer survival after bypass surgery. However, - 


Hutter et al.? found that such patients had a greater incidence of new 
Q waves than medically treated patients and no improvement in survival. 
There is disagreement!9-1? whether bypass surgery, in addition to alle- 
viating symptoms, prolongs survival in patients with stable angina. 


Among patients with subendocardial infarction, those treated medi- — 


cally have shown a 10 to 37 percent rate of transmural infarction!4-!7 and 
a 0 to 18 percent mortality rate within 4 weeks!8-20 and a 3 to 14 percent 
yearly mortality rate after hospital discharge.?16202! Similarly, both 
a high yearly rate of transmural myocardial infarction and a high mor- 
tality rate have been found in patients who are admitted to a coronary 


care unit with symptoms of myocardial infarction but whose electro- 


cardiogram did not confirm the diagnosis.??-?4 

In this report we present our experience with coronary bypass surgery 
in 28 patients with subendocardial infarction and in an equal number 
of patients with unstable and stable angina pectoris who were followed 
up postoperatively for a mean period of 29 months. 


Material and Methods 
Patienis 


Among 800 patients undergoing saphenous vein bypass graft surgery between 
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January 1972 and July 1977 at this institution, 28 had preoperative subendo- . 


cardial infarction. These patients (Group A) were compared with 28 patients 
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with unstable angina pectoris (Group B) and 28 patients with. 
E stable (Group C) angina pectoris who were matched for age 
_ and sex. Almost all patients in the group with subendocardial 
.. infarction were admitted to the hospital from the emergency 
. room with a history of chest pain lasting more than 30 minutes 
.. and findings of symmetric T wave inversion with or without 
__ S-T segment depression. They were observed in the coronary 
. care unit to rule out transmural infarction. A few patients with 
~ similar continuous angina were transferred from the coronary 
.. care unit of other hospitals because of electrocardiographic 
- evidence of subendocardial infarction and significant enzyme 
_ elevations. After 24 to 48 hours of observation in our hospital, 
.. iftransmural infarction did not develop, coronary angiography 
_ was performed. 
^ The criteria for subendocardial infarction included (1) 
. angina pectoris at rest lasting more than 15 minutes; (2) ele- 
vation of at least two of three serum enzymes (creatine kinase, 
- serum glutamic oxaloacetic transaminase or lactic dehydro- 
_ genase) to at least twice normal values or greater; (3) T wave 
_ inversion or S-T segment depression, or both, lasting more 
f: than 48 hours without pathologic Q waves. 
: vt The criteria for unstable angina were those previously re- 
.. ported.? The group with stable angina met New York Heart 
_ Association” criteria for class II to IV angina pectoris without 
. acute electrocardiographic changes and symptoms relieved 
- with rest or sublingual nitroglycerin. Most of these patients 
-. had progressive angina. Patients were excluded if they were 
. undergoing left ventricular aneurysmectomy, prosthetic valve 
. replacement or repair of associated congenital heart defect 
in addition to bypass grafting or if they had bundle branch 
lock. 


KNIT REESE 


. Studies — 
Ex Hemodynamic studies were performed after an overnight 


. fast, after all medications except nitroglycerin and long-acting 
_ nitrates had been discontinued for at least 24 hours. 

- Left and right heart catheterization and left ventricular 
- and selective coronary angiography, using the Judkins2¢ or 
-. Sones and Shirey? techniques, were performed in all patients. 
In quantitating left ventricular dysfunction and the patterns 
. of left ventricular contraction, we used the techniques and 
i principles previously reported,?8 utilizing the descriptive 
_ terminology suggested by Herman et al.?? The severity and 
_ extent of coronary disease were graded according to the cri- 
_ teria of Bruschke et al.3° All angiograms and electrocardio- 
grams were reviewed by two cardiologists and accepted for 
3 tudy only if there was complete agreement on interpretation. 
_ Twelve lead electrocardiograms were performed in each pa- 
tient on admission and on the day before cardiac catheter- 
_ ization. In addition, patients with subendocardial infarction 
or unstable angina had electrocardiograms performed daily 
and also immediately after cardiac catheterization to rule out 
pune occurrence of transmural infarction during the procedure. 
_ This precaution was taken because several of the patients with 


_subendocardial infarction had additional anginal attacks after 
ventriculography or coronary angiography. A normal resting 
 electrocardiogram was defined with conventional criteria.3! 
-... Coronary revascularization was performed after comple- 
tion of cardiac catheterization in all patients with subendo- 
cardial infarction and unstable angina with significant coro- 
nary obstruction. The patients were transferred directly from 
the catheterization laboratory to the operating room. Repeat 
left heart catheterization and selective graft angiography were 
performed 2 to 3 weeks after surgery in all patients giving 
consent. | | 
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TABLE ! 
Clinical Profile ^ 
Group A: 
Subendo- Group B: Group C: 
cardial Unstable aia 
Infarction Angina Angina 
no. % no. % no. % 
Patients * 28 100 28 100 28 100 
Sex 
Male 23 82 23 86 23 82 
Female Dub. vt JP ey oe 
History of infarction pop M4 7-99 M^ CAS 
Evidence of infarction in 8. 28 11 :39.. 8^ 20 
electrocardiogram 
History of hypertension 8 - 29 8. 20 8 29 
History of diabetes 2.5 1) 758 o 8 rbi 
Angina pectoris 
« 1 year 15. 54. 11. 39 ^9 %- 36 
1-5 years T 29 ER UG. 97:80 
25 years 0 ..21 —8 ^21 103788 


* In all three groups, the patients had a mean age (+ standard de- 
viation) of 53 + 8 years (range 34 to 72 years). 


Results 


Of 800 patients with coronary artery disease who 
underwent saphenous vein bypass surgery, 28 had 
subendocardial infarction (Group A). These patients 
were compared with 28 patients with unstable (Group 
B) and 28 with stable (Group C) angina. Age, sex, 
prevalence of diabetes mellitus, hypertension, old 
myocardial infarction or duration of disease did not 
differ among the three groups (Table I). No significant 
differences in the number of diseased vessels, coronary 
score, abnormal left ventricular wall motion, elevated 
pulmonary wedge or left ventricular end-diastolic 
pressures were found in these three groups (Table II). 
Angiograms obtained 2 weeks after operation revealed 
closure of 3 of 31 grafts (10 percent) in 16 patients in 
Group A, closure of 3 of 34 grafts (9 percent) in 17 pa- 
tients in Group B, and closure of 6 of 55 grafts (11 per- 
cent) in 22 patients in Group C (differences not signif- 
icant). The postoperative study revealed improved left 
ventricular wall motion in 6 patients (37 percent) in 
Group A, 9 patients (53 percent) in Group B and 8 pa- 
tients (36 percent) in Group C (differences not signifi- 
cant). Wall motion was unchanged in 8 patients (50 
percent) in Group A, in 6 (35 percent) in Group B and 
13 (59 percent) in Group C. Only 2 patients (13 percent) 
in Group A, 2 (12 percent) in Group B and 1 (4 percent) 
in Group C manifested postoperative deterioration of 
the left ventricular segmental wall motion. 

New Q waves appeared perioperatively in one patient 
in Group A and in two patients each in Groups B and C 
(difference not significant). One patient in Group B had 
a postoperative cerebrovascular accident with left-sided 
hemiplegia. Three patients each in Group B and C and 
one in Group A had postoperative pulmonary emboli 
that responded to systemic anticoagulation. A post- 
pericardiotomy syndrome occurred in one patient each 
in Groups A and C, requiring steroid therapy in one. 
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TABLE N 


Angiographic Data 
Group A: 
Subendo- GroupB: Group C: 
| eo eo ene 
T nfarction ngina ngina 
: Patients no. % no. 6 mo. ^6 
Coronary artery 28 100 28 100 28 100 
disease * 
Single 10: 736. 3: ..M 6 21 
Double 8 29 15 54 7 25 
Triple 10 36 10 36 15 59 
RCA 12> «B1 15^ ST. 19 68 
LAD 26 98 27 96 26 93 
LCx 49^ 28 20.73... 20 71 
pitt LCA 4 14 4 14 0 0 
Abnormal LV 21 75 21 79.19 57 
angiogram (preop) 
Elevated pulmonary 2 cce. 7 3 11 
wedge pressure 
< 12 mm Hg 


Elevated left ventricular end- 14 50 11 39 11 39 
diastolic pressure 
< 12 mm Hg 


* Patients in Groups A, B and C had a coronary score (mean > = 


standard deviation) of 9 + 3, 10 + 3 and 10 + 3, respectively. 


LAD = left anterior descending coronary artery; LCA = left main 
coronary artery; LCx = left circumflex artery; LV = left ventricular; 
preop = preoperative; RCA = right coronary artery. 


There were no hospital or late deaths. During a mean 
follow-up period of 29 months (range 5 to 64), a 
transmural infarction developed in one patient in Group 
B. One patient in Group A and two in Group C under- 
went reoperation because of recurrence of angina pec- 


~ toris at rest. At the end of the follow-up period, 68 per- 


cent of patients in Group A were in New York Heart 
Assocation class I and 29 percent in class I-III. In 
Group B, 61 percent were in class I and 36 percent in 


class II-III. In Group C, 54 percent were in class I and 


43 percent in class I-III. 


Discussion 


Natural history of subendocardial infarction: 
The hospital course and subsequent follow-up of pa- 
tients with nontransmural (subendocardial) infarction 
have shown that this entity is treacherous, with a sig- 
nificant incidence of transmural infarction and 
death.3:432 Indeed, several studies!?-?! have indicated 
that the natural history of subendocardial infarction 
does not differ significantly from that of classic 
transmural infarction. Madigan et al.!® showed, in a 
mean follow-up period of 11 months, that of 50 patients 
with subendocardial infarction 46 percent had unstable 
angina and only 24 percent were asymptomatic with 
medical therapy. In 6 of 28 patients (21 percent) re- 
ceiving medical therapy a transmural infarction de- 
veloped, and 1 patient (3 percent) died. Levy and as- 
sociates2! noted, in a mean follow-up period of 35 
months, that sudden death and recurrent infarction 
occurred twice as often in patients with a nontransmural 
infarction as in those with a transmural infarction. 


- Others22:24 have reported that patients with prolonged 
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ischemic chest pain, but without evidence of transmural 
infarction, had a yearly mortality rate of 10 to 13 per- 
cent. > 
Bypass surgery in unstable and stable angina: 
Recent comparisons of the incidence of myocardial in- 
farction and long-term mortality in patients with un- 
stable angina receiving medical therapy and in similar _ 
patients undergoing bypass surgery revealed a lower 
yearly mortality in the surgical group as well as greater 
symptomatic improvement.®’ Whether patients with — 
unstable angina have greater perioperative mortality — 
is controversial.932 Surgical mortality in patients with 
unstable angina depends on selection and surgical ex- 
pertise and thus varies greatly from institution to in- . 
stitution.3:92,33 LM E AA 
The beneficial results of coronary bypass surgery in 
patients with stable angina remains controversial. E^ 
Several reports indicated not only better symptomatic _ 
improvement in the surgical treatment group with | 
multivessel coronary disease but also a lower yearly . 
mortality after 2 to 7 year follow-up, when com- - 
pared with nonrandomized medical treatment - 
groups.10113438 However, the randomized Veterans — 
Administration Cooperative Study, after a 3 year fol- . 
low-up of 310 medically treated patients and 285 with — 
coronary bypass showed no prolongation of life inthe — 
surgical group, an operative mortality rate of 5.6 percent -~ 
and a yearly mortality rate of 4 percent.!? i S 
Bypass surgery in subendocardial infarction: Our . 
results in 28 patients indicate that coronary bypass . 
surgery can be performed in patients with subendo- — 
cardial infarction. The mortality and perioperative 
morbidity of this group are not different from those of 
patients with unstable or stable angina, and the ma- — 
jority of patients are asymptomatic after surgery. By- 4 
pass grafting is not recommended in acute transmu al 
infarction because of definitely increased mortality as 3 
well as experimental evidence that reperfusion of acute — 
infarcts leads to larger zone hemorrhage and necro- 
sis. | av 
The absence of mortality in our 28 surgically treated — 
patients with subendocardial infarction and their gen- a 
erally benign postoperative course differ significantly | 
from the reported surgical experience in patients with. E 
classic transmural infarction. Clearly, the areas of in- — 
farction, although sufficient to produce diagnostic en- _ 
zyme and electrocardiographic abnormalities, were not — 
so extensive or confluent as to result in significant in- M 
farct extension after bypass surgery. The incidence rate - 
of perioperative Q waves did not differ significantly in . 
the group with subendocardial infarction and those with — 
unstable or stable angina (4 versus 7 percent), - 
suggesting that the areas of actual infarction were small. 
Larger areas might be expected to extend postopera- . 
tively sufficient to present as postoperative Q Waves. | 
Madigan et al.39 reported a similar experience with | 
surgically treated patients with subendocardial in- . 
farction. Among their 28 patients, perioperative new Q 


waves developed in 10.7 percent, and one patient (3.6 © 


percent) died. In a mean follow-up period of 16 months, 
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scans before or after bypass surgery. Therefore, we do 


not 


know whether such scans would have shown any 


difference between the group with subendocardial in- 
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If the results in this small series are extended and 
confirmed, coronary bypass grafting could be considered 
an effective method for preserving ischemic myocar- 
dium, relieving symptoms and prolonging life in pa- 
tients with subendocardial infarction. 
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Intraoperative Evaluation of the Functional Significance of 
Coronary Collateral Vessels in Patients With 
Coronary Artery Disease 





WILLEM FLAMENG, MD, PhD* Coronary hemodynamics were studied intraoperatively in 65 patients — 
FRANZ SCHWARZ, MD undergoing aortocoronary bypass grafting. Poststenotic coronary pressure - 
FRITZ W. HEHRLEIN, MD, PhD and graft flow hyperemia were measured. Patients without coronary - 
Giessen and Bad Nauheim collateral vessels on arteriography (class A) were compared with patients - 

West Germany with collateral vessels (class B). Patients in class A were grouped ac- - 
cording to the angiographically determined degree of coronary stenosis. - 
Eight of these patients with moderate coronary stenosis underwent in- - 
traoperative studies with transient complete coronary occlusion and were . 
classified in the “acute” occlusion group. In class B all patients had | 
complete coronary occlusion with good retrograde filling of the distal - 
segment. 

In class A patients there was good correlation between the degree of — 
stenosis and poststenotic pressure or hyperemic response. Stenosis had 
to be at least 80 percent before it produced a significant pressure gradient | 
or graft flow hyperemia. In class B patients (those with complete 
“chronic” coronary occlusion), poststenotic pressure was significantly 
greater than in the class A patients with “acute” occlusion, significantly — 
less than in the class A groups with 71 to 80 percent and 81 to 90 percent - 
stenosis but not significantly different from values in the class A group - 
with 91 to 99 percent stenosis. The hyperemic response was significantly - 
less than in the “acute” occlusion group of class A, significantly greater 
than in the class A groups with 71 to 80 percent and 81 to 90 percent á 
stenosis, but not significantly different from values in the class A group 
with 91 to 99 percent stenosis. 

it is concluded that (1) under basal conditions a coronary stenosis must - 
be at least 80 percent to be hemodynamically significant, and (2) well 
developed collateral vessels produce in a completely occluded coronary 
artery hemodynamic changes that simulate those of a 90 percent coronary 1 
stenosis without collateral vessels. 
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One problem in assessing critical coronary stenosis 1$ the development 


From the Department of Cardiovascular Surgery, of coronary collateral vessels in the presence of severe stenosis or a 
Ai 






« J. L. University, Giessen, and the W. G. Kerckhoff clusion of the coronary vessels. Collateral vessels reduce the degree of 
. Clinic, Bad Nauheim, West Germany. Manuscript coronary stenosis to some extent and probably can change a "critical" - 

received October 14, 1977; revised manuscript to a “subcritical” stenosis.!:2 On the other hand, quantitative hemody- - 

received March 8, 1978, accepted March 22, j dps atis 7 a Pie s difficult i LE. 

1978. namic assessment of “critical” coronary stenosis itself is difficult in man, _ 
* Present address: St. Rafael Clinic, Depart- mainly because of technical problems in the exact determination 

ment 5 elize cut K. "risiede gional coronary flow. With myocardial imaging techniqu 

Kapucijnenvoer 55, 0, Leuven, Belgium. dium-113m macroaggregated albumin, potassium-43,or-that 
m ic copes: Prot, Fre Poen, ec for example, only semiquantitative results can be optai 
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versity, Giessen, Klinikstrasse 29, Giessen 6000, xenon-133 scintigraphy serious limitations are ef 

West Germany. mining coronary collateral flow. e 
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by FUNCTIONAL SIGNIFICANCE OF CORONARY COLLATERAL VESSELS— 
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. TABLE | 
. Patients and Groups - | 
l | | 
Percent 
_ Grafts (no.) Patients 
[e] X (no.) 


Coronary 
Group Stenosis 
Class A (without collateral vessels) 


EC Y A 7 705 11 c MU muU TUS ATE. $1 
ARPT ae Si *24 15. 6. i 2. (4. 22 
zJ <90 

x 

E. 3A - >90- Ef cd. "gv 9» 
D «100 

© 4A 100 B orci 2 70/350, 5 9: 2». gt 


A s (acute) 
E: Class B (with collateral vessels) 


"B 100 11 6.54 0 1 0 11 
be (chronic) 


- * |n one of these patients two grafts were studied. 

- * Of these eight patients, seven are also included in group 1A and 
. one is also included in group 2^. 

___ LAD = left anterior descending coronary artery; LCx = left circumflex 
- coronary artery; LD = diagonal branch of the left anterior descending 
-Coronary artery; LM = marginal branch of the left circumflex coronary 
- artery; RC = right coronary artery. 


Direct measurements of pressure and flow over the 
_ stenotic coronary segment should be the best approach, 
- but these measurements are still in the domain of the 
experimental laboratory. Nevertheless, aortocoronary 
bypass surgery provides one of the best opportunities 
- to study the coronary vascular system in man." Under 
conditions of technically perfect anastomosis, basal 
- graft flow, hyperemic flow response after temporary 
closure of the graft and pressure measurements in the 
graft before and during transient graft occlusion provide 
useful information about coronary hemodynamics. With 
this approach, this study describes quantitatively (1) 
the effects of progressive coronary arterial obstruction 
on coronary hemodynamics in patients with coronary 
artery disease, and (2) the functional significance of 
coronary collateral vessels. The latter data were ob- 
tained by comparing the coronary hemodynamics in a 
complete coronary occlusion with compensatory col- 
lateral vessels with the hemodynamics in "pure" ste- 
nosis. 


- 


Material end Methods 
Patients 
. Sixty-five patients, 59 men and 6 women, with coronary 
artery disease were studied. Selective coronary arteriography 
was performed in all patients 3 months or less before coronary 
arterial surgery. The degree of coronary stenosis was measured 
from the arteriogram according to the method of Brown et al.8 
Coronary collateral vessels were estimated as described by 
Hamby et al.? Left ventricular systolic wall motion was as- 
sessed preoperatively from review of the biplane left ven- 
triculogram. | 
Before the intraoperative hemodynamic studies were per- 

formed the patients were classified into two major categories 
(Table I): Class A, patients without angiographically visible 
coronary collateral channels to the vessel that was later by- 
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FIGURE 1. Coronary hemodynamics in relation to the degree of prox- 
imal coronary stenosis. Upper panel, relation between poststenotic 
pressure ratio and the percent of coronary stenosis. Lower panel, 
relation between hyperemic graft flow response and the degree of 
coronary stenosis. Mean values + standard deviation are depicted. The 
Statistical significance of the differences between groups is presented 
in Table Il. 


passed, and class B, patients with angiographically visible 
coronary collateral channels to that vessel. Patients in both 
classes were further grouped according to the angiographically 
determined degree of coronary stenosis: 

Class A: There were four groups in class A: group 1, stenosis 
of 71 to 80 percent (11 patients, 11 grafts studied); group 2, 
stenosis of 81 to 90 percent (22 patients, 23 grafts studied); 
group 3, stenosis of 91 to 99 percent (21 patients, 21 grafts 
studied); and group 4, complete “acute” coronary occlusion. 
Because none of the patients in class A had a complete coro- 
nary occlusion due to progressive sclerosis, we produced an 
acute experimental coronary occlusion in seven patients in 

group 1A and in one patient in group 2A with an 82 percent 
stenosis. 

Class B: All patients in this class had a complete coronary 
occlusion with angiographically visible collateral vessels. This 
group will be referred to as the group with “chronic” occlu- 
sion." 


Surgical Procedures 


Operation was performed with the patient on cardiopul- 
monary bypass, utilizing a disposable bubble-type oxygenator. 
After institution of the bypass, the distal anastomosis between 
the coronary artery and the saphenous vein was performed 
during cardioplegic arrest. Coronary perfusion was then re- 
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TABLE Il 
. Coronary Hemodynamics in Progressive Coronary Stenosis (mean + SD) 
Percent Hyperemic/ Duration of Dipyridamole/ PRP 
Y Coronary Basal Flow Hyperemia Basal Flow PSPR (mm Hg: 
Group Stenosis Ratio (sec)* Ratio (96) min" *) 
Pee 5. 1: 7 — 7... Class A (without collateral vessels). 5. TIT " 
1A >70- 1.02 1.5 2.30 90.2 11,098 
<80 +0.05 2.5 +0.72 +7.1 +3,567 
no. = 11 no. = 11 no. = no. = 5 no. = 11 
2A >80- 1.21 9.2 2.33 76.2 11,565 
<90 +0.18 +6.8 +0.71 +11.8 +3,935 
no. = 23 no. = 23 no. = 13 no. = 11 no. = 23 
P «0.001 P «0.001 NS P «0.05 NS 
3A >90- 1.88 28.7 2.28 35.8 14,755 
<100 +0.46 +17.3 +0.73 +10.8 +4 ,754 
no. = 21 no. = 21 no. = 13 no. = 13 no. = 21 
P <0.001 P «0.001 NS P «0.001 NS 
4A 100 2.92 28.3 2.75 18.9 12,722 
(acute) +0.67 +9.3 +0.75 +3.5 +5,221 
no. = 8 no. = no. — 3 no. — no. = 8 
P «0.01 NS NS P «0.001 NS 
Class B (with collateral vessels) 
B 100 1.62 18.1 2.22 40.2 12,302 
(chronic) +0.43 +7.8 +0.65 +10.5 +2 862 
no. = 11 no. = 10 no. =9 no. = 10 no. = 11 
P «0.01 P «0.05 NS P «0.001 NS 
NSt P <0.05t NS'! NSt NSt 
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* in two patients (one in group 4A and one in class B) the graft flow hyperemia was not measured until return to baseline values; thus the duration 


of hyperemia could not be measured in these cas 


es. 
NS = not statistically significant (probability 70.05); P (probability) = significance of difference from preceding group; Pt = significance of difference — 
from group 3A; PRP = pressure-rate product; PSPR = poststenotic pressure ratio; SD = standard deviation. 1 


stored and the proximal anastomosis performed. Approxi- 
mately 30 minutes after termination of the anastomosis and 
before closure of the chest, graft flow was measured with a 
Hellige pulsed square wave electromagnetic flowmeter. The 
transducers were calibrated in vitro with pooled blood. Mean 
values for flow were determined with electromagnetic 
damping. Arterial blood pressure was measured with a Sta- 
tham pressure transducer. In 47 cases coronary pressure was 
measured with use of a small PVC tube inserted into a side 
branch of the vein that was not ligated during preparation of 
the saphenous vein graft. The PVC tubing was connected to 
a Statham pressure transducer. Graft flow, arterial and cor- 
onary pressure and electrocardiographic lead II were recorded 
on a Hellige 6 channel direct writing system. 

Reactive hyperemia was produced by occluding the vein 
graft for 20 seconds with a rubber-tipped forceps. Seven pa- 
tients in group 1À and one patient in group 2A underwent an 
additional procedure: The coronary artery was dissected free 
between the coronary stenosis and the graft anastomosis and 
occluded with a rubber tourniquet for 20 seconds. In these 
patients peripheral coronary pressure was also recorded by 
way of the graft during graft clamping. In 44 grafts, dipy- 
ridamole (total dose 10 mg) was injected through the side 
branch catheter into the graft and graft flow measured. 

The significance of the results was tested by means of the 
t test for paired values within groups and for unpaired values 
between groups. 


Design of Study 


Class A patients: To estimate coronary hemodynamics in 
progressive coronary sclerosis, the following determinations 
were made: (1) the relation between poststenotic coronary 
pressure and the degree of stenosis; (2) the relation between 
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hyperemic graft flow response and the degree of stenosis; and 4 
(3) the relation between maximal graft flow and the degree of — 
stenosis. | v 
Class B patients: Coronary hemodynamic changes in pa- B 
tients with “collateralized” complete coronary obstruction — 
were compared with those in patients with different degrees - 
of “pure” coronary stenosis. The studies included (1)com- . 
parison of poststenotic or peripheral coronary pressure in class | 
B with the corresponding values in the different groups in class : 
A; and (2) comparison of hyperemic graft flow response in — 
class B with the corresponding values in the different groups E 
in class A. The objective of these comparisons was to assess - 
the degree of “pure” coronary stenosis (stenosis without an- - 
giographically visible collateral vessels) that is simulated by ‘ 
the coronary hemodynamic changes produced by collateral — 
vessels in complete coronary obstruction. | 5 


Results 


Coronary hemodynamics in progressive coronary 
stenosis: The results of pressure and flow measure- 
ments are depicted in Figure 1. The upper panel pre- 
sents the relation between poststenotic coronary pres- - 
sure and the degree of coronary stenosis. Poststenotic 
coronary pressure was expressed as a ratio: diastolic 
poststenotic coronary pressure/diastolic systemi 
pressure X 100. This poststenotic pressure ratio was 
significantly less in group 2A than in group 1A (proba- - 
bility [P] <0.05); however, the real difference in post- 
stenotic pressure occurred between groups 2A and 3A. 
(76 versus 35.8 percent) (P <0.001). In group 4A (com- a 
plete “acute” occlusion), poststenotic pressure de- 4 
creased further to 18.9 percent (P «0.001) (Table IT). - 
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| FIGURE 2. Relation between poststenotic coronary pressure and re- 
. active hyperemic graft flow response in progressive coronary sclerosis. 
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1 A linear regression was calculated for all data points except the group 
_ With experimental acute occlusion (4A). The regression was statistically 
- Significant (P <0.001), and the correlation coefficient was 0.85. Patients 
_ With coronary collateral channels (group B) are identified by the closed 


circles; patients without collateral vessels are indicated by the open 


. circles. 


_ The lower panel of Figure 1 shows the relation be- 
tween hyperemic graft flow response (peak hyperemic 
_flow/basal graft flow) and the degree of coronary ste- 
nosis. In group 1A (71 to 80 percent stenosis), almost no 
hyperemic response was found, but the response in- 
creased significantly with progressive coronary nar- 
rowing to the point of complete occlusion. Patients in 
group 4A (acute coronary occlusion) had the highest 
value for hyperemic graft flow (2.92). The duration of 
the hyperemic response increased with progressive 
stenosis (groups 1A to 3A). However, complete occlusion 
of the coronary artery did not further prolong the du- 
Tation of the response: Groups 3A and 4A did not differ 
significantly from each other (P >0.05). 
_ Maximal graft flow was tested in several patients in 
each group after intracoronary injection of dipyrida- 
mole. Regardless of the degree of stenosis, graft flow 
increased approximately two times over the basal flow 
level. In all instances, except in acute occlusions, graft 
flow after dipyridamole was significantly greater than 
peak hyperemic flow (P «0.01). In patients with acute 
occlusion, the difference between the two values was not 
significant (P >0.05 for paired sets of observations). 
Mean values for the increase in graft flow (graft flow 
after dipyridamole/basal graft flow) are listed in Table 
II. None of these values differed significantly among 
groups (P >0.05). 
. Poststenotic pressure ratio in class B was signifi- 
cantly less than the corresponding value in groups 1A 
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and 2A (P <0.001), significantly greater than the value 
in group 4A (P «0.001) but not significantly different 
from that in group 3A (P »0.05). Peak hyperemic re- 
sponse in class B was significantly greater than the hy- 
peremic response in groups 1A and 2A (P <0.05), sig- 
nificantly less than that in group 4A (P «0.001) but not 
significantly different from that in group 3A (P 
20.05). 

The correlation between hyperemic response and 
poststenotic pressure ratio in progressive coronary 
sclerosis is shown in Figure 2. Regardless of the degree 
of stenosis or the presence of collateral channels, all data 
were used except those from the patients with experi- 
mental acute occlusion (group 4A). The relation can be 
described by a linear regression with a correlation 
coefficient of 0.85 (P «0.001). 

Frequency of myocardial infarction and extent 
of local left ventricular wall motion: Electrocar- 
diographic evidence of previous myocardial infarction 
was found in 31 percent of all patients. The frequency 
of left ventricular dyskinesia (hypokinesia or akinesia 
in the area supplied by the stenotic coronary artery) 
increased with the severity of coronary obstruction. In 
group 1A 45 percent of the wall segments were dyski- 
netic, in group 2A 52 percent and in group 3A 57 per- 
cent. In class B 63 percent of the wall segments were 
dyskinetic. © 

General hemodynamics: As an estimate of myo- 
cardial oxygen consumption, pressure-rate product, 
calculated by multiplying mean systemic pressure by 
heart rate, was determined during the period of graft 
flow measurements. The mean values did not differ 
significantly among groups (P >0.05) (Table II). 


Discussion 


Possible limitations of the study: To evaluate the 
physiologic significance of coronary arterial stenosis, 
coronary pressure and flow data must be available; thus, 
such evaluation can be done in man only during aorto- 
coronary bypass surgery. Although direct measurements 
of flow with an electromagnetic flowprobe on the 
stenotic segment of the coronary artery itself and 
pressure measurements by puncture of the coronary 
artery distal to the lesion may damage the coronary 
vessels, graft flow and pressure can easily be measured 
without risk to the patient.79:1? Indeed, in the presence 
of an intact anastomosis and with the graft closed, 
pressure in the graft distal to the occlusion reflects 
poststenotic coronary pressure. Closure of the graft 
restores the original situation immediately, and the 
peripheral vascular resistance decreases in proportion 
to the reduced poststenotic pressure. Sudden release of 
the graft clamp produces a hyperemic response in the 
graft flow. It is not known whether this positive hyper- 
emia represents a response to ischemia or is a reflection 
of decreased arterial tone due to the decreased perfusion 
pressure. The significant relation between poststenotic 
pressure and postocclusion hyperemia suggests the 
latter. However, this linear correlation occurred because 
data from the group with acute occlusion were omitted; 
acute coronary occlusion produced disproportionately 
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high peak hyperemic responses by comparison with 
chronic coronary occlusion. This discrepancy between 
acute and chronic coronary occlusion in relation to the 
hyperemic response is probably due to the presence of 
coronary collateral channels after chronic occlusion and 
the absence of such channels in acute occlusion. On the 
other hand, a reduced vascular responsiveness after 
long-term occlusion cannot be excluded. 

Although mean values for hyperemic response and 
poststenotic pressure differed significantly between 
most groups, individual data varied widely. There are 
many reasons for this scatter of individual data points. 
First, there is the problem of accurate estimation of the 
degree of coronary stenosis. Despite recent progress in 
angiographic techniques,® the exact evaluation of cor- 
onary narrowing remains difficult in certain cases. 
Therefore we did not grade stenosis precisely but clas- 
- sified the patients in groups with a range of 10 percent 
luminal narrowing. Second, we assumed that all anas- 
tomoses were of good quality. We could show that graft 
flow increased in all instances after injection of dipy- 
ridamole, but we could not be certain that no graft was 
flow-limiting at the highest flow rates. Reneman and 


— Spencer? have shown that stenosis of the graft anasto- 


mosis decreases the hyperemic response." 

Another important consideration is that the response 
depends upon resting coronary flow, that is, oxygen 
consumption of the myocardium. We tried to assess 
oxygen requirements of the heart by determining 
pressure-rate product. Although the same method of 
anesthesia was used in all patients and measurements 
of flow and pressure were performed at approximately 
the same time interval after termination of bypass 
grafting, pressure-rate product was not always constant. 
Arterial perfusion pressure is known to affect hyperemic 
flow.!! The variation in arterial blood pressure among 
patients is probably a further source of error in the exact 
determination of hyperemic response. 

Hemodynamic significance of coronary stenosis: 
It is clearly observable under basal conditions that 
coronary stenosis in patients without angiographically 
visible collateral channels produces significant changes 
in coronary hemodynamics when stenosis is 80 percent 
or greater. We found that vessels with greater than 80 
percent stenosis have a significant pressure gradient 
across the stenosis and that the hyperemic response in 
grafts to these vessels becomes significant. This indi- 
cates that under resting conditions a coronary lesion 
becomes "critical" when there is 80 percent narrowing 
of luminal diameter. These findings are in agreement 
with recent investigations!?.1? demonstrating a reduced 
hyperemia after intracoronary injection of contrast 
agent in patients with coronary stenosis of 75 percent 
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or more. Furthermore, we found a good correlation be- 
tween observed stenosis, graft flow hyperemia and - 
poststenotic pressure. The failure of other investiga-  . 
tors10.1415 to show this relation is probably due to crit- _ 
ical differences in types of patients. These investigators 3 
did not measure coronary stenosis and they did not _ 
differentiate between cases with and without angio- - 
graphically visible collateral channels. Y. 
Functional significance of coronary collateral 
channels: Unfortunately, angiographic methods used 
to study collateral circulation in man do not give p 
quantitative information about collateral function; in- ` 
deed, the estimation is subjective.216-19 With our more _ 
direct approach we found that collateral vessels produce — 
in a completely obstructed coronary artery hemody- — 
namic changes that simulate those of a 90 percent cor- _ 
onary stenosis without collateral channels. However, the — 
extent of the collateral circulation is a critical point in — 
our data interpretation. Indeed, in view of the great - 
diversity of the magnitude of collateral vessels observed — 
angiographically, the homogeneity of response in our — 
group with collateral vessels may be unexpected. 
However, good retrograde filling of the distal segment — 
of the obstructed coronary vessel was a condition for — 
surgery in our patients. Thus our patients were a se- - 
lected group with complete occlusion and well devel- _ 
oped collateral vessels; good retrograde filling implies 4 
good collateral development in patients with complete 
coronary occlusion. Patients with complete coronary — 
obstruction and poorly opacified distal coronary seg- 
ments, that is, poorly developed collateral vessels, were — 
not selected for surgery and hence not included in our © 
study. 
Intraoperative measurements of collateral indexes — 
in man are scarce; only a few investigators have studied — 
retrograde flow? or retrograde pressure!^!? during . 
surgery. In patients without occlusive coronary artery 4 
disease Goldstein et al.2° described a peripheral coro- - 
nary pressure of 19 to 24 percent in contrast to 50 per- - 
cent in well collateralized distal segments of diseased _ 
coronary arteries. Retrograde flow was significantly | 
greater in the group with collateral channels. Parker et - 
al.14 also reported that increased retrograde flow cor- — 
relates with the presence of collateral vessels on arte- — 
riography. However, none of these investigators com- _ 
pared coronary hemodynamics in patients with colla- - 
teralized complete occlusion with the hemodynamics z 
in patients with coronary stenosis without collateral — 
vessels. [ 
In summary, we found that coronary collateral ves- 
sels, although identified angiographically as significant, - 
compensate only partially for the coronary obstruc- - 
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Effect of Coronary Stenosis on Myocardial Function, E 
Ultrastructure and Aortocoronary Bypass Graft Hemodynamics 


The relation between different degrees of stenosis of the left anterior 
descending coronary artery and total and regional left ventricular function, - ^ 
myocardial ultrastructure, fibrotic content of the myocardium and he- 
modynamics of graft flow was studied in 70 patients with coronary artery 
disease. Patients with arteriographically visible collateral supply to the - 
obstructed vessel were excluded. The degree of stenosis (quantitative - 
measurement of luminal obstruction) and total and regional left ventricular 
function were measured angiographically. Regional contractile reserve 4 
was determined from postextrasystolic angiograms. Ultrastructure and 
fibrotic content of the myocardium (morphometry) were determined from 
biopsy material taken at the time of bypass surgery from the area perfused 
by the left anterior descending artery. Graft flow to this artery was mea- 
sured under basal conditions and after release of a 30 second graft oc- — 
clusion (hyperemic response). Five groups were formed: I, no stenosis; 2 
ll, stenosis of 50 to 79 percent; Ill, of 80 to 89 percent; IV, of 90 to 99 
percent; and V, 100 percent occlusion. Patients in group Il had normal — 
values for ejection fraction, regional function and reserve, normal ultra- 
structure, a small degree of fibrosis and no hyperemic response after 
release of graft occlusion. Patients in group Ill had similar findings except 
for a significant hyperemic response. Patients in group IV had moderate 
depression of ejection fraction, regional function and reserve, moderate - 
ultrastructural alterations, increased myocardial fibrosis and a high hy- | 
peremic response. Patients in group V had a severely impaired ejection 
fraction, absent regional function and reserve, severe cell alterations and — 
extensive scar formation. D 
Thus, a clear sequence of events occurs with progression of coronary à 
stenosis: until 79 percent stenosis no significant reduction of mechanical — 
function and myocardial structure occurs. With 80 to 89 percent stenosis, 
poststenotic vasodilation fully compensates for the stenosis as docu- | 
mented by normal mechanical function and normal myocardial structure. 
At 90 to 99 percent stenosis, vasodilatory compensation is inadequate: - 
Regional function decreases, degenerative ultrastructural alterations E 
appear and the fibrotic content of the myocardium increases. With - 
complete occlusion, compensation is ineffective, and severe loss of © 
function and extensive scars develop. | 
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Regional myocardial dysfunction is a well known consequence of ob- j 
structive coronary artery disease. In general, the frequency of ventricular — A 
asynergy of contraction is thought to increase with the severity of vas- 
cular disease, but hemodynamic abnormalities do not always correlate — 
with the extent of vessel disease.! Cohn et al.,2 in a consecutive series of - 
100 patients, found no significant difference in ejection fraction or 3 
asynergy among patients with one, two and three vessel disease, although . 
hemodynamic abnormalities were more frequent in the patients with - 
more extensive vascular lesions. They concluded that abnormal dynamic — 
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. morphology and hemodynamics may bear no direct 
relation to the extent of vessel involvement. Several 
other studies* also failed to establish a clear-cut 
relation between the severity of coronary lesions and the 

. hemodynamic and ventriculographic abnormalities, 

. thus suggesting that the relation between coronary and 
myocardial lesions may not be simple. When regional 
dysfunction is severe, overt depression of overall cardiac 

. function with recognizable clinical manifestations oc- 

curs. If regional dysfunction is less extensive, the clinical 

. and mechanical abnormalities are more subtle. How- 

. ever, these changes are important because they may 

4 represent a stage in which aortocoronary bypass surgery 

. can considerably improve regional myocardial func- 

- tion.” Furthermore, these subtle changes may precede 

. the more severe stage of coronary artery disease that 

. causes extensive loss of myocardium by infarction.® 

- Recently, a method of quantitative coronary arteri- 

- ography was introduced that allows one to measure the 

. vascular lesion with great accuracy.’ This study was 

. undertaken to reevaluate the effect of coronary stenosis, 

. as assessed with quantitative coronary arteriography, 

- on regional wall motion and myocardial structure. In 

. addition, hemodynamic data on the aortocoronary by- 

.. pass graft were obtained during open heart surgery to 

. estimate the hemodynamic effect of vessel stenosis on 

E the poststenotic vascular bed in the same patient group. 

- Because the effect of coronary collateral vessels on 

_ function and structure of the myocardium in severe 

_ obstructive coronary artery disease remains un- 

. clear,19-1? we excluded all patients with arteriographi- 

_ cally visible collateral supply to the poststenotic vessel 

segment. 
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. FIGURE 1. End-diastolic (dashed line) and end-systolic (dotted line) 
. ventriculographic silhouettes of the left ventricle. The long axis (mid 
. aortic root to apex) for end-diastole (solid line) and end-systole (dashed 
. line) is depicted. The open circles represent the "mid point” of each 
_ Silhouette. The percent shortening of each hemiaxis (R4 to Re and L) 
. is calculated as end-diastolic minus end-systolic hemiaxis, divided by 
. end-diastolic hemiaxis times 100 percent. The anterior wall is marked 
_ by the shaded area. The area perfused by the anterior descending 
branch of the left coronary artery was taken as the average of Ro + Rg 
fet L.. 


(194. August 1978 The American Journal of CARDIOLOGY Volume 42 


"n zr ’ $2 9 j ' 
md Ke i 4 NET oe . SA eae v 
Pa eps he iri oma EH 5 m M t M LAE TIR b's Z4 als Las ai» 


: - TEIL T ~ E T " "i a SUSCI T 7 putes Wt T ‘ A 7 : i RTE nn 3 à 

hm m ^v t ee eee e rfe OSIS | ge ay 4, "nw CR, vp a EA. a CN sme, qye nr c J a E "$e t * AT, n ò * J Ji MI " ~ TN 5 Lud TN T. 

DÉC CORONARY STENOS te AND MYO! .RDIA! ¢ JU RAS RUC "LI 1L. SU IR? ET uro T So Tear, wo X LT Ao 
ts ee N =} - E " d f , Tn i Tac | E $ A < , n / ^ r i (xt | - 


Methods 


Patients: Initially we studied 92 consecutive surgical pa- - 
tients with obstructive coronary artery disease who underwent 
aortocoronary bypass surgery or aneurysmectomy. The pa- 
tients (6 women, 86 men) were 35 tc 64 years old. From this 
group we excluded 22 patients who had one or more of the 
following: significant (more than 50 percent luminal narrow- 
ing) obstruction of the circumflex branch of the left coronary 
artery (18 patients), significant obstruction of the left main 
stem (2 patients), peripheral obstruction of the anterior de- 
scending branch of the left coronary artery (1 patient) or 
collateral supply to the anterior descending branch (17 pa- 
tients). Criteria for the presence of coronary collateral vessels, 
either intracoronary or intercoronary anastomosis, required 
arteriographic visualization of the left anterior descending 
branch distal to the coronary obstruction. These criteria are 
similar to those of Hamby et al.!2 The remaining 70 patients 
had significant proximal obstructive disease of the left anterior 
descending branch, and 37 of them had additional disease of 
the right coronary artery. Twenty-nine patients had a typical 
history and electrocardiographic changes (abnormal Q waves) 
suggestive of old myocardial infarction (anterior in 23, inferior 
in 6). All patients had ventriculographic and coronary arte- 
riographic studies within 6 weeks before surgery because of 
chronic angina or previous myocardial infarction with 
symptoms of congestive heart failure or rhythm disturbances. 
No patient studied had an acute event between cardiac 
catheterization and aortocoronary bypass operation. 
Twenty-two patients who had no signs of coronary, myocardial 
or valvular heart disease served as controls for angiographic 
measurements. 

Catheterization study: All patients were studied during 
normal sinus rhythm. No patient had chest pain during car- 
diac catheterization. No premedication was used. Adminis- 
tration of nitrates and beta receptor blocking drugs was dis- 
continued at least 3 days before the study. Left heart cathe- 
terization was performed with the retrograde technique. After 
measurement of left ventricular pressure, biplane left ven- 
tricular angiography was performed in the 30? right anterior 
oblique projection after injection of 50 ml Urografin-769. 
Thereafter, coronary arteriography was carried out with the 
Judkins technique!? using 35 mm film taken at 48 frames/sec 
utilizing the Philips dual field 9 and 5 inch (22.9 and 12.7 cm) 
image intensifier system. Selective coronary injections were 
made in multiple projections by manual injection of 6 to 8 cc 
of Urografin-76. From the cineangiographic frames, sil- 
houettes of the left ventricular cavity were drawn at end- 
diastole and end-systole. Ectopic cycles were eliminated. 

Ventricular volumes and ejection fraction were calculated 
using the biplane area-length method.!4 Correction factors 
for magnification and pincushion effect were obtained from 
a grid filmed in the plane occupied by the left ventricle. The 
regression equation of Kasser and Kennedy!? was used. In 15 
patients without heart disease we found no significant dif- 
ference between angiographically assessed stroke volume and 
stroke volume determined from manually checked cardiac 
output determinations obtained with the thermodilution 
technique (no. 7F Swan-Ganz thermodilution catheter cou- 
pled to a cardiac output computer [Fa. Diefenbach, Ffm.] and 
toa Kipp B-12 direct-writing system). Stroke volume assessed 
with thermodilution was 45.4 + 10.8 ml/m? (mean + standard 
deviation); the angiographic value was 44.8 + 10.2 ml/m?. 
These values are in close agreement with the normal data re- 
ported by others. 16 

Wall motion was measured from the frontal end-diastolic 

and end-systolic outlines of the left ventricle (Fig. 1). The long 
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. axis was divided into four equal parts, and three perpendicular 
_ lines were constructed. Each hemiaxis (from the long axis to 


m the endocardial surface) was measured, and percent short- 


ening was determined as end-diastolic minus end-systolic 

- hemiaxis divided by end-diastolic hemiaxis times 100 per- 

- — cent.17-1? The individual values for three hemiaxes, Re, Rg and 
— L, were averaged to get a representative measurement of re- 
- gional motion of those areas of myocardial territory distal to 
obstruction of the anterior descending branch of the left 
coronary artery. Regional wall motion was also analyzed in 
postextrasystolic beats that followed a coupling interval of less 
than 400 msec.?02! The degree of coronary stenosis of the left 


anterior descending branch was measured using the technique 


of titative coronary arteriography, as suggested by Brown 
et al. 

Coronary arterial lesions were traced from two projected 
perpendicular 35 mm cineangiographic views. Magnification 
and distortion were corrected using the coronary catheter. The 
technique assumes an elliptical lumen of the vessel and cal- 
- culates the percent reduction in luminal area in the stenosis. 
— Diameters of the vessel were measured from diastolic frames. 

The normal lumen is calculated as the average of the normal 
vascular lumen proximal and distal to the stenosis. Two as- 
-sessments of 14 stenoses by the same trained observer showed 

an average difference of 1.8 + 2.0 (mean value + standard 
deviation) percent stenosis. The single assessments by two 
trained observers of 18 stenoses showed an average difference 
of 2.8 + 1.6 percent stenosis. 

Coronary bypass surgery: All patients were operated on 
. with use of total cardiopulmonary bypass and a disposable 

| bubble-type oxygenator. A transmural needle biopsy specimen 
measuring 1.5 mm in diameter (Tru-Cut biopsy needle, Tra- 
venol Laboratories) was obtained from the center of the area 
perfused by the diseased anterior descending branch. The 
biopsy specimens were taken from the beating heart before 
cross-clamping of the aorta. Immediately after biopsy, the 
tissues were divided into a subepicardial, intramural and 
subendocardial sample (of about equal size) and were fixed 
in cacodylate-buffered 6 percent glutaraldehyde. After im- 
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mersion fixation for 24 hours at 4? C the samples were rinsed . 
in 0.1 molar cacodylate buffer with 7.5 percent sucrose doin d 
12 hours at 4? C. After postfixation for 1 hour in 2 percent | 
osmium tetroxide in veronal acetate buffer at pH 7.4 with 4 
percent sucrose at 4° C, the tissues were dehydrated in graded 


series of ethanol, treated with propylene oxide and embedded 
in Epon-812. After polymerization, semithin sections of 1to 


2 um thickness were prepared and stained with alkaline to- 


luidine blue for light microscopy. Each block measured from — 


1 to 4 mm? in area. 


Morphometry was carried out with the light microscope - 
using a special grid with vertical and horizontal lines providing — 
121 intersections (points). According to the basic principles — 
of morphometry,?? counting of the number of points overlying _ 
a certain structure results in a quantitative determination of  . 
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the volume of the structure under investigation in relation to  : 


the volume of the entire tissue under the square grid. The total 


number of points was regarded as 100 percent, and the points 
counted in the fibrotic area were expressed as the percent of —— 
the entire tissue within the limits of the grid. The axis ofthe | 
square grid was then rotated about 45° and determination of | 


the points was repeated. 
Paired analysis of the first (x) and second (y) determina- 


tions after rotation within the same area showed no significant 3 
difference (P >0.05). Regression analysis revealed the fol- _ 
lowing relation of both measurements: y = 0.54 + 0.98 x, cor- 


relation coefficient (r) = 0.986. After a random sampling — 


procedure, a different area of the same section was chosen and — 


the points overlying fibrotic tissue were counted with the grid E 


in control position and after rotation of about 45°. Paired — 


comparison of the first determination in the control position — 
(x) and the second determination in the control position ofa — 
different area (y) showed no significant difference (P >0. 05). ig 


Regression analysis showed the following equation: y = 3.87 3 
+ 0.93 x, r = 0.922. In this way two different areas of pach 3 


section were counted twice. 


Only longitudinal sections at a magnification of X950 v were | 


evaluated, and blood vessels and perivascular interstitial cells - 
were excluded from the fibrotic area. For each patient three | 
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P* — probability value, comparison with preceding group. 
LAD - anterior descending branch of the left coronary artery; NS — not significant; PES = postextrasystolic. 
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TABLE l 
. Relation of Degree of Coronary Stenosis to Functional and Morphologic Characteristics (mean values + standard error of the $ a 
mean) 
Maximal 
j Patients Reactive 
Ejection LAD wall motion Fibrosis With Myo- Patients Hyperemia 
LAD Fraction, Normal PES of LAD fibrillar With of LAD - 
Patients Stenosis Normal beat Beat Region Lysis Cell Atrophy Graft 
Groups _(no.) (%) Beat (%) (%) (%) (%) (%) (%) (%) 
| 22 0 65.2: 1.9 39.4 £2.1 47.8 t 1.9 
(no. — 22) (no. — 22) (no. = 22) 
I 6 50-79 648418  358t2.2 3 452t27 295+0.7 0 0 102.3 + 1.8 
(no. = 5) (no. = 6) (no. = 5) (no. = 5) (no. = 5) (no. = 5) (no. = 6) 
P* Nh s NS NS NS d.n T d 
IH 24 80-89 62.4 t 2.1 34.0416 43.0422 276419 40 0 125.1 + 4-8 
(no. =8) (no. =23) (no. = 11) (no. = 15) (no. = 15) (no. = 15 (no. = 22) 
P* "os ; NS NS NS NS sad «0.001 — 
IV 34 90-99 549425 228422 269427 415438 38 31 159.5 + 11.4 
(no. = 25) (no. = 32) (no. = 19) (no. = 16) (no. = 16) (no. = 16) (no. = 27) 
P* e NTS <0.05 <0.001 <0.001 <0.01 iy <0.01 
V 6 100 40.0 + 2.1 4.0 41.5 6.4 + 1.7 79.0425 0 100 
(no. = 6) (no. = 6) (no. = 5) (no. = 5) (no. = 5) (no. = 5) 
P* «0.001 «0.001 «0.001 «0.001 : 
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eB . FIGURE 2. Reduction of ejection fraction (EF) with increasing severity 


- of stenosis of the left anterior descending coronary artery (LAD) in 
E isolated disease of this artery without any collateral supply. When 
stenosis exceeds 80 percent of luminal diameter, ejection fraction 
Serie SeN: p = probability, SEM = standard error of the 
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Ei - tissue bs and from each sample two sections were 
E. - counted. For electron microscopic examination thin sections 
M. were cut with an LKB Ultratome III ultramicrotome, mounted 
. on uncoated copper grids, stained with saturated aqueous 
. uranyl acetate and lead citrate and examined with an electron 

. microscope (Philips 300). 
-~ Distal coronary arterial-venous anastomoses were per- 
formed using cardioplegic arrest. Measurements of aorto- 
É decode bypass flow (Statham E.M. flowmeter, Fa. Hellige 
... direct-writing system) were obtained after the patients had 
K been taken off cardiopulmonary bypass and the cannulas re- 
-moved and when heart rate and arterial pressure had stabi- 
I lized, as measured using brachial arterial cannulation and 
Statham pressure transducer. After basal graft flow was 
. measured, the graft was cross-clamped with a rubber-tipped 
. forceps for 30 seconds and thereafter the hyperemic response 
| Was recorded. The maximal hyperemic response was expressed 
as maximal hyperemic flow divided by basal flow times 100 

x A ae 
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Results 

- . The data for biplane ejection fraction, regional wall 
. motion, myocardial fibrosis, myocardial ultrastructure 
. and graft flow were grouped according to the degree of 
5 - stenosis of the left anterior descending coronary artery 
. (Table I). Group I comprised normal patients without 
. vessel stenosis (0 percent stenosis); group II, patients 
— with 50 to 79 percent stenosis; group III, patients with 
... 80to 89 percent stenosis; group IV, patients with 90 to 
| -99 percent, stenosis; and group V, patients with 100 
percent obstruction (complete occlusion). Evidence of 
— previous anterior infarction was found in none of the 6 
P patients in group II, in 4 of the 24 patients (17 percent) 
in group III, in 13 of the 34 patients (38 percent) in 
group IV and i in 6 of the 6 patients (100 percent) in 

is group V. 
E ^ Écmodvadnde data: Figure 2 shows the effect of 
. different degrees of isolated stenosis of the left anterior 
X. descending coronary artery on ejection fraction of the 
: left ventricle. A nonlinear relation was found: Ejection 
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FIGURE 3. Reduction cf wall motion of the area perfused by the left 
anterior descending coronary artery (LAD) with increasing severity of 
stenosis (upper panel). With stenosis exceeding 80 percent, a sharp 
decrease in wall motion develops during normal (open circles) and 
postextrasystolic (PES, closed circles) bea:s. The lower panel shows 
the reactive hyperemic response of the bypass graft to the left anterior 
descending artery after 30 seconds of occiusion of the graft. Abbre- 
viations as in Figure 2. 


fraction remained normal until stenosis reached 80 
percent. Then a steep decline occurred, reaching a mean 
value of 40 percent when this artery was completely 
occluded. There was also a nonlinear relation between 
degree of stenosis and the regional wall motion of the 
area perfused by the left anterior descending artery (Fig. 
3). When stenosis reached 80 percent, there was a sharp 
decrease in wall motion with normal and potentiated 
beats. At complete occlusion, akinesia developed. 
Myocardial fibrosis: The extent of interstitial 
myocardial fibrosis varied among patients; typical ex- 
amples are shown in Figure 4, a and b. Figure 4a shows 
a small amount of connective tissue, whereas Figure 4b 
illustrates severe fibrosis and loss of myocardial muscle 
tissue. The degree of fibrosis was generally greater in the 
subendocardial tissue samples than in the subepicardial 
samples (46 versus 7 percent, P «0.01). The relation 
between the degree of stenosis of the left anterior de- 
scending artery and the fibrotic content of the 
transmural biopsy specimen is shown in Figure 3 (lower 
panel, open circles). The degree of fibrosis remained 
unchanged between stenosis of 50 to 79 percent and 80 
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FIGURE 4. Light micrographs 
(X550, reduced by 25 percent). a, 
normally arranged myocardial 
muscle cells (C). Interstitial fibrosis 
(F) is mild. b, extensive scar tissue 
formation (F). Only a few myocardial 
muscle cells are seen. 


to 89 percent but showed a sharp and significant in- 
crease when stenosis exceeded 90 percent. When the 
artery was completely occluded, the level of fibrous 
tissue reached 80 percent. 

Ultrastructural findings: Electron microscopy 
showed ultrastructural cell abnormalities predomi- 
nantly in groups IV and V; they occurred only rarely in 
group III and not at all in group II (Table I). These ab- 
normalities consisted of (1) disorganization and loss of 
contractile elements; (2) abnormalities of Z band ma- 
terial; (3) alterations of mitochondria, sarcoplasmic 
reticulum, lysosomes and ribosomes; and (4) cell atro- 
phy. Normal ultrastructural appearance of myocardium 
was found in patients in group II. The sarcomeres were 
normally arranged and there was only a small degree of 
fibrosis. Myofibrillar lysis was found in patients in 
groups III and IV (Fig. 5). When myofibrillar lysis was 
severe, *empty cells" could be seen on light microscopy 
(Fig. 5a). These cells showed marginally arranged 
myofibrils of reduced thickness but regular arrange- 
ment, whereas the areas devoid of contractile material 
were filled with glycogen, increased masses of sarco- 
plasmic reticulum, cytoskeletal filaments and few mi- 
tochondria (Fig. 5b). The loss of myofibrils was ac- 
companied by abnormal formation of Z band material 
in streaming and clumping patterns (Fig. 5c). The de- 
struction of contractile material more often involved 
thick than thin filaments. À more advanced stage of cell 
degeneration was found in patients in groups IV and V: 
Destruction of all cell organelles was often seen, re- 
sulting in entirely atrophic cells (Fig. 6). 

Absolute objective quantification of ultrastructural 
changes in myocardial cells is not impossible with our 
technique, but some qualitative evaluation can be ob- 
tained. We accepted degenerative changes of the myo- 
cardium as significant when they were found in the 
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majority of tissue samples. No ultrastructural changes — 


were evident in patients in group II. Myofibrillar lysis 
was found in 40 percent of patients in group III, but 


there were no atrophic cells in this group. Myofibrillar — 


lysis occurred in 38 percent and cell atrophy in 31 per- 
cent of patients in group IV. Only 31 percent of patients 
in this group had normal ultrastructure. Atrophic cells 
were evident in all patients in group V. 
Aortocoronary bypass hemodynamics: Original 
tracings of aortic pressure, the electrocardiogram and 
graft flow are shown in Figure 7. In the presence of 71 
percent stenosis, no significant hyperemic response was 
found, whereas in patients with 94 percent stenosis a 
high hyperemic response occurred after release of graft 
occlusion. 'The mean values for all patients are shown 
in Figure 3, lower panel. In group II no hyperemic re- 
sponse was found. In group III a significant hyperemic 
response occurred, whereas wall motion and extent of 
fibrosis remained unchanged from findings in group Il. 


In group IV a high hyperemic response existed, wall — y 


motion decreased and the extent of fibrosis began to 
increase. Because the patients with complete coronary 


occlusion (group V) underwent aneurysmectomy rather — £ 


than bypass grafting, no graft flow data were obtained 


in this group. In group II, heart rate during graft flow. 
measurements was 89 + 7 beats/min (mean + standard — 
error of the mean) and mean systemic pressure was 100 — 
+ 8 mm Hg; in group III, heart rate was 88 + 4 beats/ 


min and mean systemic pressure 102 + 4 mm Hg, and 
in group IV the respective values were 89 + 3 beats/min 
and 100 + 4 mm Hg. No significant differences between 


groups were found (P 20.05). Basal flows in the graft to © 


the left anterior descending coronary artery in groups 
II, III and IV were 79.7 + 7.7, 79.4 + 9.1 and 65.4 + 7.1 
ml/min, respectively, and were not different from each 
other (P 20.05). 
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CORONARY STENOSIS AND MYOCARDIAL ULTRASTRUCTURE—SCHWARZ ET AL. 


Discussion 


Possible limitations of study: This study attempted 
to correlate the degree of coronary stenosis with the 
consequences for the poststenotic myocardium as 
evaluated from angiographic and histologic studies and 
graft hemodynamic measurements. Luminal obstruc- 





tion of coronary stenosis was determined using the 
technique introduced by Brown et al.? This technique 
assumes that the coronary artery and the stenosis have 
an elliptical vessel cross section and calculates the 
percent luminal obstruction from paired perpendicular 
angiographic views that are not filmed simultaneously. 
Frame pairs are selected from different coronary arterial 


FIGURE 5. Groups Ill and IV. a, light micrograph 
(X650, reduced by 25 percent) of myocardial cells 
showing myofibrillar lysis. The interstitial fibrosis 
(F) is mild, but the cells show large areas free of 
myofibrils (arrowheads). The sarcomeres are 
marginally arranged; around the nuclei (N) palely 
staining areas are seen. b, electron micrograph 
(X2,400, reduced by 25 percent) of a myocyte 
with moderate loss of contractile material (myo- 
fibrillar lysis). Bundles of myofibrils are arranged 
marginally. The center of the cell is devoid of 
contractile material and contains mitochondria (M), 
the nucleus (N) and ground substance. Fragments 
of sarcomeric units are seen (arrowheads). c, 
electron micrograph (X20,000, reduced by 25 
percent) of a part of a myocardial cell exhibiting 
myofibrillar lysis. The bundles of myofibrils are 
thinned and irregularly arranged. The Z bands 
show focal widening (arrow). Some thick fila- 
ments have lost their interconnections (arrow- 
heads). 
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. reduced by 25 percent) of two atrophic myocardial 


FIGURE 6. Group V. Electron micrograph (25,600, 


cells in an area of extensive fibrosis (F). The cells are 
almost completely devoid of normally arranged con- 
tractile material and contain only small numbers of 
irregularly shaped mitochondria (M). The cells are 
connected to each other by intercalated discs (ar- 
rowheads). Remaining Z band material is seen within 
the cells (arrows). 


injections but from the same point in the cardiac cycle, 
that is, end-diastole. Three main factors can interfere 
with correct measurement: (1) poor image quality, (2) 
obscuring of a lesion by an overlapping vessel, and (3) 
end-on viewing.? However, with careful attention to 
filming technique, we have found that more than 95 
percent of lesions of the left anterior descending coro- 
nary artery can be adequately measured. We have used 
this technique to measure percent luminal obstruction, 
but not the length, the atheromatous mass or the re- 
sistance of the stenosis, and we have found good 


agreement among measurements. For this study only 


three groups of stenoses were differentiated: 50 to 79 
percent, 80 to 89 percent and 90 to 99 percent; thus, 


erroneous measurement probably had little influence 


71 Oo 


FIGURE 7. Original tracings of 


electrocardiogram (ECG), aortic ECG 

pressure (AOP), phasic and mean 

graft flow to the left anterior de- 

scending coronary artery (LAD) in 

two patients. The left panel shows AOP Canney n 
tracings from a patient with 71 mmH g 


percent stenosis (group Il), the right 
panel shows tracings of a patient o 
with 94 percent stenosis (group IV). 

No hyperemic response was seen graft flow gas LE 
in the former in contrast to the lat- mi /min 

ter. Mean resting flow was 73 ml/ 
min in the patient with 71 percent 
stenosis and 90 ml/min in the one 
ml /min 
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on our results. Currently used techniques using —€— | 
estimates may have considerably more error.?? a 

Regional motion was assessed from normal and | 
postextrasystolic beats. Postextrasystolic pow 
has been proposed to be useful in evaluating residual . 
myocardial function in areas that are asynergic during - 
normal beats.?! The anterior wall motion in postex- - 
trasystolic beats represents the maximal contractile — 
power of this region. 

The transmural biopsy technique used in our study 
was previously performed by Stinson et al.”4 in patients 
with coronary artery disease. They found the method | 
accurate when the data were compared with electro- . y 
cardiographic and ventriculographic findings. We be- — 
lieve that the sampling error is small when biopsy is. k 
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performed after localization of the perfusion area of the 

. diseased area. We evaluated the anterior region of the 
left ventricle, rather than the anteroapical region 
evaluated by Stinson et al.?* We find the technique safe 
because it is performed under direct vision. 


Je Consequences of different degrees of coronary 
stenosis: We evaluated graft flow at rest and after 30 
. seconds of graft occlusion. Graft flows were measured 
. when blood pressure and heart rate had reached normal 
. levels. Several studies have used graft flow measure- 
. ments to evaluate the potential of coronary bypass 
_ grafts to increase blood flow to the myocardium sup- 
plied by obstructed arteries.?526 The significance of a 
_ hyperemic response is not fully understood. Kreulen et 
. 81.?6 found that the hyperemic response was correlated 
with the pressure gradient of the stenosis, that is, the 
. severity of stenosis. However, it cannot be entirely ruled 
i out that a positive hyperemic response represents 
. ischemia to some extent. Reneman and Spencer?’ have 
_ shown that stenosis of graft anastomosis will decrease 
the hyperemic response. Such a mechanism seems un- 
likely in the majority of cases, as demonstrated by the 
identical graft flow values in groups II, III and IV. 
- Narrowing of the distal coronary artery could have 
. produced a similar reaction, but we studied no patient 
E with peripheral stenosis. 


- Poststenotic vasodilation was not found in patients 
. with 50 to 79 percent stenosis (no hyperemic response). 
_ A significant hyperemic response could be shown in 
— patients with 80 to 89 percent stenosis, and the com- 
— pensating effect of vasodilation was documented by a 

. normal wall motion and regional reserve by the small 
K, degree of fibrosis and a normal ultrastructure in most 

cases. In patients with 90 to 99 percent stenosis the 

. poststenotic vasodilation was associated with a decrease 
- in mechanical function and an increase of fibrosis and 
is therefore indicative of myocardial ischemia. 


Regional function and reserve and overall ventric- 
_ular function were related nonlinearly to the severity 

- of vessel obstruction when cases with arteriographically 

_ visible collateral vessels were excluded. One difficulty 
in evaluating collateral vessels is that the resolving 

$ power of arteriographic equipment limits identification 
- to vessels with a diameter of 100 um or more.!? It is 
. therefore not entirely ruled out that in some cases col- 
. lateral vessels of smaller diameter may have existed but 


were not visualized arteriographically. Whether this 
type of collateral has any significance remains to be 
determined. 

Our results show that regional contractile reserve 
decreased when myocardial fibrosis increased. We 
found greater amounts of connective tissue in the 
subendocardium than in the subepicardium, thus pro- 
viding direct evidence that the subendocardium is more 
vulnerable than the subepicardium in patients with 
coronary artery disease. Our results are supported by 
careful postmortem studies?8?? that established a close 
relation between wall motion abnormalities and myo- 
cardial fibrosis within discrete myocardial segments. 

The most severe cell changes (atrophic cells) were 
found in group V; mild changes occurred in group IV. 
The cell changes were generally found when fibrotic 
content was moderately increased, but a significant 
number of patients had cell alterations without in- 
creased amount of fibrosis (group III). Obviously lysis 
of myofibrils precedes cell atrophy. Furthermore, when 
the cell structure is severely impaired, scar formation 
progresses. The lysis of myofibrils was associated with 
moderate contractile dysfunction (hypokinesia). We 
therefore suggest that the moderate cell alterations 
described (lysis of myofibrils) represent the morphologic 
correlate of hypokinesia. We believe that these alter- 
ations may be at least partially reversible when blood 
flow reduction is corrected by aortocoronary bypass 
grafting. This hypothesis is supported by the finding 
that the hypokinetic state often reverts to normal after 
restoration of blood flow. 

In summary, our results established a nonlinear 
relation between the degree of coronary stenosis and 
poststenotic characteristics of the myocardium in 
human patients. With progression of stenosis up to 89 
percent of luminal diameter, no significant reduction 
of mechanical function and myocardial structure was 
found. Above this level, an abrupt decrease in post- 
stenotic motion and contractile reserve and a sharp 
increase in the fibrotic content of the myocardium oc- 
curred. Typical ultrastructural alterations preceded the 
stage of severe scar formation when coronary stenosis 
became more severe. These findings suggest that severe 
coronary lesions cause sequential changes in the mor- 
phologic features and function of the poststenotic 
myocardium and in themselves are an indication for 
operation. 
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- Risk Stratification After Acute Myocardial Infarction 


One hundred patients admitted to the hospital with acute myocardial 
infarction who lived 10 days and agreed to enroll were studied. Data from 
the history, hospital course and a 24 hour Holter electrocardiographic 
recording were related to cardiac mortality in the 6 months after enroll- 
ment. Fifteen cardiac deaths occurred during this period; 12 of these were 
sudden. The univariates with the strongest association with mortality were 
(in descending order): blood urea nitrogen level, serum creatinine level, 
serum uric acid level, enlarged heart 2 weeks after infarction, ventricular 
tachycardia 2 weeks after infarction, peak creatine kinase level and left 
ventricular failure in the coronary care unit. The odds of dying if one of 
these factors was present rather than absent ranged from 3.6 to 11.5. 
Groups with two or three of these univariates had up to 20 times the odds 
of dying in 6 months. A period of greatly enhanced risk for cardiac death 
persists for about 6 months after acute myocardial infarction. Relatively 
simple clinical variables can identify the groups at highest and lowest risk. 
This information is useful for designing management strategies. 


Of people who survive the first 24 hours of acute myocardial infarction, 
about 6 percent die of cardiac causes in the following month, and about 
8 percent die in the subsequent 5 months.! After about 6 months, the 
incidence rate of cardiac death decreases to 3 to 4 percent per year, which 
is comparable with the cardiac death rate for patients with chronic 
ischemic heart disease.-? Because the excess influence on mortality 
exerted by infarction is almost dissipated by 6 months, any therapeutic 
intervention, such as antiarrhythmic prophylaxis or a cardiac surgical 
procedure, designed to alter favorably the posthospital course of high 
risk patients should be applied early after acute myocardial infarction. 
Also, it is reasonable to discontinue some interventions about 6 months 
after hospital discharge. Because prophylactic intervention may carry 
its own morbidity and mortality, the prospect of intervention lends 
considerable impetus to the effort to identify patients who are at high 
risk of cardiac death within the first 6 months after acute myocardial . 
infarction. In addition, it would be useful to define a very low risk group 
in order to spare these patients the costs and risks of unnecessary tests 
and therapy, as well as the anxiety of an ill defined prognosis. 

Several studies have used clinical or demographic data and specific 
laboratory methods including prolonged Holter electrocardiographic 
recordings to delineate high and low risk groups.!-!! Similarly, the 
purpose of our cohort study was to find a set of criteria, using simple 
clinical and laboratory data, that would separate our patient population 
into a group with a high risk and another with a significantly lower risk 
of dying within 6 months after acute myocardial infarction. We were 
successful in identifying high risk groups using relatively simple vari- 
ables. Variables reflecting the extent of acute myocardial infarction, 
cardiac arrhythmia and left ventricular dysfunction have the strongest 
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-~ association with cardiac death in the 6 months after sound gallop, rales and pulmonary congestion on chest E 
- . recovery from acute myocardial infarction. roentgenography]); (4) chemical indicators of infarct size — 
xS | (creatine kinase [CK], lactic dehydrogenase [LDH], serum 
ds Methods glutamic oxaloacetic transaminase [SGOT] levels); (5) site of — 3 | 
A Spe infarction; (6) treatment (digoxin therapy in the coronary care — — 
ERES Protocol: We planned to study 100 consecutive patients unit, digoxin therapy at the time of the Holter recording or — 
.. who had acute myocardial infarction. After the study began, diuretic therapy at the time of the Holter recording); (7) en- — — 
~ the charts of all patients hospitalized for suspected acute larged heart shown in the chest roentgenogram taken just -— 
myocardial infarction were reviewed, and the diagnosis of before hospital discharge; (8) blood chemistry values (blood . 
acute myocardial infarction was made on the basis of either urea nitrogen, uric acid, serum electrolytes); and (9) variables -~ 


(1) a history of typical chest pain and typical evolution of Q from the 24 hour electrocardiographic recording (average 
waves diagnostic of acute infarction, or (2) S-T and T wave heart rate, frequency of ventricular premature depolarizations 











changes compatible with acute myocardial infarction and and the presence of certain characteristics [bigeminy, fusion — 
diagnostic elevation of the serum myocardial creatine kinase beats, multiple configurations, R on T phenomenon, pairs of - m 
level. The study was discussed with eligible patients on the ventricular premature depolarizations and ventricular 
9th hospital day. Patients gave informed consent, usually on tachycardia] and the occurrence of supraventricular prema- — 
the 10th day. Data from the history, physical examination and ture depolarizations). ? 5, ‘a 
hospital course were recorded on forms, coded and logged onto Analysis of data: Verified data files were kept on the disk dm 
digital computer files. About 2 weeks after admission, 24 of a digital computer. Variables were tabulated, counted and 
— continuous hours of electrocardiogram were recorded on an analyzed statistically using the Statistical Package for the — 
. Avionics model 400 recorder; all patients were ambulatory Social Sciences, version 06.1? For continuous variables, we v 
during the recording. The study was terminated when 100 of used the t test for group means to search for differences be- 
the 24 hour recordings were successfully obtained. tween the patients who did and did not die of cardiac causes — 
The patient population: From June 12, 1974 to January within 6 months of infarction. Clinical variables considered — 
4, 1975, 137 patients were treated for acute myocardial in- possible predictors for outcome were analyzed by prognostic | 2 
farction in the Presbyterian Hospital. Twenty of the 137 pa- stratification,!3-15 a technique that divides the total study 
tients died before the 9th hospital day, and 2 patients were group into two subgroups based on one or more dichotomous 
discharged before the anticipated enrollment date, leaving 115 variables in order to maximize the difference in outcome be- — 
study candidates. Twelve of these 115 candidates refused the tween the two subgroups. Discrete variables, such as heart n*r- 
study and three technical failures occurred, leaving a study failure in the coronary care unit, were noted as present or — 
group of 100 patients. The 15 nonparticipants did not differ absent. Continuous variables, such as peak value of creatine — 
from participants with respect to age, sex distribution, pres- kinase drawn in the coronary care unit, were optimally di- — 
ence of infarction as assessed from Q waves, peak creatine chotomized with respect to 6 month cardiac mortality. After — a 
kinase value, complications in the coronary care unit or out- identifying the univariates that were significantly associated _ 
come (three cardiac deaths within 6 months). à with 6 month cardiac mortality, we grouped these and addi- 
Analysis of 24 hour electrocar diographic recording: tional variables found significant in previous studies into bi- 4 
Each 24 hour recording was printed out on Grass polygraph and trivariate combinations. For bivariate combinations 
. paper. When less than 30 ventricular premature depolariza- (Table I), patients were classified into those who had both — 
tions per hour were present, each ventricular premature de- variables (row 1) and those with neither variable or only one — 
polarization was counted. When there were more than 30 (row 2). Each row was subdivided into those who experienced 
ventricular premature depolarizations per hour (13 patients), cardiac death (column 1) and those who did not (column 2). 
the number of depolarizations on every 10th page were Trivariate combinations were evaluated by two methods. 
counted and multiplied by 10. For each ventricular premature In method I (Table II), patients were partitioned into one 
depolarization counted, its shape was characterized and the DU 
R-V (coupling) interval and the preceding R-R and Q-T in- o" 
tervals were measured. Frequency of ventricular premature "LA 
. depolarizations was expressed as the average per hour, that TABLE | Am 
is, the total count in a record divided by the number of hours C 
processed. An R on T phenomenon was defined as an R-V/ Bivariate Combinations MB 
Q-T ratio of less than 1.0, where R-V is the coupling inter- Charücteristics Cardiac Death E 
val Present Present Absent Total — . 


Follow-up: After hospital discharge, patients were followed Ee 
up for 12 months to determine cardiac outcome. When a pa- Did Sons wt e nt C 
tient died, the next of kin or witnesses were interviewed by one Total n:1 n.2 n AA 
of the investigators to determine the time and nature of death. 
History of nonfatal reinfarction was obtained from the patient 


or his physician, or both; the diagnosis was then confirmed n 

* with a review of hospital records. ENT 
Selection of predictive variables: Variables considered TABLE Il A A / 
possible predictors for dividing the population into high and Trivariate Combinations, Method I E 

low risk groups included (1) coronary risk factors (a history EX 
of hypertension, smoking, hypercholesterolemia or obesity); Characteristics p Cardiac Death — ME 

(2) demographic and historical characteristics (age, sex, his- ui Best  .- -. Present -Anoomi ee 

tory of angina or previous myocardial infarction); (3) presence All three n11 n12 ni- 2 

of complications in the coronary care unit (shock, systemic Now. one or two La we n ES 


hypotension, arrhythmia or left ventricular failure [third . ota M 
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| RISK STRATIFICATION AFTER MYOCARDIAL INFARCTION—BIGGER- ET AL. 


. TABLE ill 
REMAIN Characteristics of 100 Patients 
Sex 
Male 71 
Female 29 
Age (yr) 
Less than 30 1 
30 to 49 16 
50 to 69 59 
70 or more 24 
Race 
White 58 
Black 19 
Hispanic 18 
Other 5 
Place of birth 
United States 50 
Germany 12 
Puerto Rico 10 
Other Hispanic countries 9 
Eastern European countries 7 
Other countries 8 
Not known 4 
Preinfarction history 
Myocardial infarction 27 
Angina pectoris 41 
. Left ventricular failure 12 
Cigarette smoking 50 
pertension 37 
abetes 18 
Gout 5 


_ group with all three characteristics (row 1) and a second group 
- with either none, one or two of the characteristics (row 2). In 
method II, the first group comprised patients who had either 
_two or all three characteristics (row 1), and the second group 

. comprised patients who had none or one of the characteristics. 
_ For both methods I and II, each row was subdivided according 
to 6 month cardiac mortality. We used 10 univariates to es- 

— tablish bi- and trivariate combinations; this resulted in 45 
. different bivariate combinations and 120 trivariate combi- 


20 
Sudden Death 


E] Other Cardiac Death 






TOTAL CARDIAC DEATH 
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-= MONTHS OF FOLLOW-UP 


: FIGURE 1. Cardiac death during the first year of follow-up. For each 

 posthospital month, the bar indicates total cardiac deaths classified 
. into sudden and other cardiac deaths. Note that 80 percent (12 of 15) 
of the total cumulative cardiac deaths at 6 months were sudden. 
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TABLE IV 
Frequency of Variables Used in Prognostic Stratification 


Continuous Variables 


Number of Patients 
Partition Below 
Partition Value Partition 

Variable Value* or Above Value Total 
BUN (mg/dl) 20 40 60 100 
Creatinine (mg/dl) 1.4 19 76 95t 
Uric acid (mg/dl) 7.0 22 77 99t 
Peak CK in CCU (IU) 585 45 55 100 
VPD 1/hr 52 48 100 


Discrete Variables 
Number of Patients 


Variable Variable 
Variable Present Absent Total 
Enlarged heart 46 54 100 
Ventricular tachycardia 14 86 100 
Digoxin in CCU 45 54 99t 
LVF in CCU 46 54 100 
R on T (R-V/Q-T < 1) 33 67 100 


* Partition value = the value of each variable that was used to di- 
chotomize the total patient group. 

* Missing values. 

BUN = blood urea nitrogen; CCU = coronary care unit; CK = creatine 
kinase; LVF = left ventricular failure; VPD = ventricular premature 
depolarizations. 


nations. We determined the predictive value of these bivariate 
and trivariate combinations for cardiac death within 6 months 
using prognostic stratification.13-15 

Chi squares were calculated to determine the significance 
of association. The strength of association between charac- 
teristics and outcomes was estimated using the improved es- 
timate of the odds ratio, o'.16 Sensitivity, specificity and ef- 
ficiency were calculated for each 2 X 2 table.!? 


Results 


There were 71 men and 29 women in the study group. 
The average age was 61 years (range 25 to 90). Their 
demographic characteristics are noted in Table III. Only 
half of the group were born in the United States; most 
of the others were born in Germany or Puerto Rico. 
Fifty-eight were white; the remaining 42 were of other 
races. About half had private insurance and half did 
not. 

Cardiac deaths: A total of 21 deaths, including 2 of 
noncardiac origin, occurred within 12 months of in- 
farction. The incidence rate of cardiac death was 15 
percent in the first 6 months and 19 percent in the first 
12 months (Fig. 1). The incidence rate of sudden death 
(within 24 hours) was 12 percent in the first 6 months 
and 16 percent in the first 12. Of the three nonsudden 
cardiac deaths, one was due to heart failure in the 4th 
month after acute myocardial infarction, and two were 
due to reinfarction with shock in the 2nd and 6th 
months after the index infarction. The mean age was 66 
years for nonsurvivors and 60 for survivors. Because 
most of the cardiac deaths occurred in the initial 6 
months, which is the period of excess risk related to 
infarction itself, we present the data for this time period 
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Prognostic Significance of Univariates for Cardiac Death Within 6 Months After Acute Myocardial Infarction ; 


TABLE V 
2 X 2 Table’ Chi 
Variable (no. of patients) Square 
| BUN 13 27 13.81 
2 58 
Creatinine 7 12 7.17 
7 69 
Uric acid 8 14 7.89 
7 70 
EH 12 34 6.68 
3 51 
VT 5 9 3.75 
10 76 
CK 11 34 4.46 
4 51 
Digoxin in CCU 11 34 4.30 
4 50 
LVF in CCU 11 35 4.09 
4 50 
VPD 11 41 2.29 
4 44 
Ron T 8 25 2.31 
7 60 


* Column 1 = died; column 2 = lived, row 1 = present and row 2 = absent. 
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Odds Sensitivity Specificity Efficiency 

Ratio (%) (96) (96) 

11.49 ^ CUR 68 71 1 i 
5.56 50 85 80 
5.51 53 83 79 
5.33 80 60 63 
4.22 33 86 81 | 
3.81 73 60 62 1 
3.74 73 60 62 4 

a 

3.64 73 58 61 E 
2.74 73 52 55 1 | 
2.69 53 71 68 : 


BUN = blood urea nitrogen 20 mg/dl or greater; CK = creatine kinase 585 IU; Creatinine = 1.4 mg/dl or greater; EH = enlarged heart on chest - 
roentgenogram; LVF = left ventricular failure; R on T = R-V/Q-T less than 1.0; uric acid — 7 mg/dl or greater; VPD — ventricular premature depo- . 


larizations 1/hour or greater; VT = ventricular tachycardia. 


only. We repeated all of the analyses using cardiac death 
in 12 months as the outcome; the results were substan- 
tially the same as those for 6 months. 


Univariates 


Eight univariates were significantly associated with 
cardiac death at 6 months (P «0.05). Table IV lists the 
frequency distribution of these eight variables; fre- 
quency of ventricular premature depolarizations and 
the occurrence of R on T phenomenon are also listed 
because these two variables were significantly associated 
with early posthospital cardiac death in several previous 
studies.347-10 Table V lists the chi square values and 
odds ratios for these univariates. 

Coronary risk factors: A history of hypertension, 
diabetes mellitus, obesity, hypercholesterolemia or 
smoking was not significantly associated with cardiac 
death within 6 months. ü 

Course in the coronary care unit: To qualify for 
enrollment in this study, patients had to survive 10 days 
after acute myocardial infarction. Therefore, patients 
who died in the coronary care unit of shock, hypotension 
or arrhythmias were not included. In our study group, 
the occurrence of shock, systemic hypotension or ar- 
rhythmias in the coronary care unit was not a useful 
predictor of cardiac death in the 6 month period after 
the acute myocardial infarction. There was no statisti- 
cally significant difference in systolic blood pressure, 
pulse, peak temperature or site of infarction between 
survivors and nonsurvivors. However, there was a sig- 


nificant relation between the presence of left ventricular — 
failure in the coronary care unit and cardiac death - 
within 6 months (P «0.05, 0’ = 3.93). a 
Laboratory values: Two weeks after acute myo- — 

cardial infarction, the following laboratory measure- — 
ments did not differ significantly between survivors and — 
nonsurvivors: peak white blood count, hematocrit, | 
serum potassium, serum bicarbonate and specific - 
gravity of urine. Values for blood urea nitrogen of 20 - 
mg/dl or greater, uric acid of 7.0 mg/dl or greater and — 
creatinine of 1.4 mg/dl or greater were significant uni- - 
variates for prognostic stratification (P «0.001, 0.001, — 
0.005; o’ = 11.5, 5.5, 5.6, respectively). We did not find — 
the peak level of LDH or SGOT to be of predictive - 
value; however, the peak creatine kinase value, dicho- — 

tomized at 585 international units (IU), stratified the — 


` - 


population into two groups with significantly different — 


6 month cardiac death rates (P «0.05, o' = 3.82). - 

Pharmacologic therapy: Digoxin therapy in the | 
coronary care unit was a significant predictor of cardiac — 
death within 6 months (P «0.05, o' = 3.82). Although ` 
the number of patients on digoxin therapy was the same — 
as the number who experienced left ventricular failure — 
in the coronary care unit, overlap between the two - 
groups was not complete: 35 patients had both left | 
ventricular failure and digoxin therapy, 45 had neither, . 
10 patients had left ventricular failure but no digoxin — 
therapy and 10 were receiving digoxin but did not have ~ 
left ventricular failure. Therefore, the presence of left — 
ventricular failure and the use of digoxin therapy were — 
not equivalent. Moreover, because the use of digoxin in | 
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TABLE VI 
| Prognostic Significance of Bivariates for Cardiac Death Within 6 Months After Acute Myocardial Infarction 
2 X 2 Table Chi Odds Sensitivity Specificity Efficiency 
Variables (no. of patients) Square Ratio (96) (36) (96 
BUN-CK 11 12 22.01 15.03 73 86 84 
4 73 
BUN-EH 11 14 19.06 12.60 73 84 82 
4 71 
BUN-LVF 11 15 17.76 11.62 73 82 81 
4 70 
BUN-R on T 8 8 15.18 10.33 53 91 85 
7 77 
BUN-uric acid 7 8 10.95 7.94 47 90 84 
8 76 
CK-EH 9 13 12.36 7.85 60 85 7 81 
6 72 
CK-LVF 11 21 11.71 7.67 73 75 75 
4 64 
BUN-VPD 9 14 11.29 7.21 60 84 80 
6 71 
R on T-EH 8 12 9.93 6.66 53 86 81 
7 73 
EH-VPD 9 18 7.88 §.33 60 79 76 
6 67 
EH-LVF 9 18 7.88 5.33 60 79 76 
6 67 





Abbreviations as in Table Ill. 


_ the coronary care unit varies greatly among medical 
centers, we thought that this variable was not likely to 
be very reproducible among centers and therefore did 
not include it in the bivariate and trivariate combina- 
tions. Neither digoxin nor diuretic nor antiarrhythmic 
therapy at the time of the Holter recording was signif- 
‘icantly related to cardiac death within 6 months. 

— Chest roentgenographic findings: The presence 
-of an enlarged heart on chest X-ray examination 2 
weeks after infarction was significantly associated with 
an increased cardiac death rate in the first 6 months (P 
«0.005, o' = 6.00). 

Variables from the 24 hour electrocardiographic 
recording: Optimal dichotomization of ventricular 
premature depolarization frequency was at 1 ventricular 
premature depolarization per hour. Patients with 1 or 
more ventricular premature depolarizations per hour 

had a higher death rate than those with a lower fre- 
‘quency rate of depolarizations, but the difference was 
not statistically significant (P >0.05, o = 2.29). Ron T 
phenomenon had about the same predictive value (o' 
= 2.31). Fourteen percent of the patients had at least 
one episode of ventricular tachycardia (3 or more con- 
secutive ventricular premature depolarizations). The 
association between ventricular tachycardia and mor- 
tality within 6 months was reasonably strong but not 
"statistically significant (0.05 < P < 0.10, o = 3.75). 
Neither the number of occurrences of ventricular 
tachycardia nor the number of ventricular premature 
depolarizations in the longest run placed patients at 
higher risk. The presence of supraventricular premature 
depolarizations, ventricular bigeminy, fusion beats, 
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multiple configurations or pairs of ventricular prema- 
ture depolarizations was not associated strongly with 
cardiac death in the 6 months after the acute myocardial 
infarction. 


Bivariate Combinations 


Combination of elevated creatine kinase and 
blood urea nitrogen: Table VI lists the 11 bivariate 
combinations most strongly associated with cardiac 
death within 6 months, as judged from the odds ratio. 
The combination of a peak creatine kinase level of 585 
IU or greater and a blood urea nitrogen value of 20 
mg/dl or greater most effectively divided the population 
into two strata with significantly different cardiac death 
rates for the first 6 months after acute myocardial in- 
farction. The cardiac death rate of the 23 patients with 
both elevated creatine kinase and blood urea nitrogen 
levels was 48 percent compared with a rate of 5 percent 
for 77 patients with either or neither. The specificity 
rate of this stratification was 86 percent, the sensitivity 
rate 73 percent and the efficiency rate 84 percent. 

Elevated blood urea nitrogen level and complex 
ventricular arrhythmia: There were several inter- 
esting results when variables obtained from the Holter 
recording were combined with a blood urea nitrogen 
level greater than 20 mg/dl. Of the 23 patients with at 
least 1 ventricular premature depolarization per hour 
and an elevated level of blood urea nitrogen, 9 (39 per- 
cent) died within the first 6 months compared with 6 of 
the 77 (8 percent) in the other group. Sixteen patients 
had R on T phenomenon and an elevated blood urea 
nitrogen level; this group had a death rate of 50 percent 
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TABLE VII 
Prognostic Significance of Trivariates for Cardiac Death Within 6 Months After Acute Myocardial Infarction 
2 X 2 Table Chi Odds Sensitivity Specificity Efficiency 
Variables (no. of patients) Square Ratio (96) (96) (96) 
BUN-CK-LVF 11 9 27.57 20.58 73 89 87 
4 76 
BUN-CK-EH 9 7 21.72 15.30 60 92 87 
6 78 
BUN-EH-LVF 9 10 16.72 10.51 60 88 84 
6 75 
CK-EH-LVF 9 10 16.27 10.51 60 88 84 
6 75 
BUN-EH-VPD 8 8 15.18 10.33 53 91 85 
7 77 
BUN-LVF-VPD 7 9 9.81 7.10 47 89 83 
8 76 
EH-R on T-VPD 7 11 7.67 5.72 47 87 81 
8 74 
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Abbreviations as in Table lil. 


within the first 6 months compared with 8 percent in the 
84 patients who had either or neither of these two 
variables. Of 6 patients who had ventricular tachycardia 
and an elevated blood urea nitrogen level, 4 (67 percent) 
died within 6 months compared with 11 of 94 patients 
(12 percent) with either or neither variable. Although 
six is a very small number, the very high death rate (67 
percent) and the o' value (7 13.0) suggest that, were a 
larger group evaluated, this bivariate combination 
would be significantly related to cardiac death. 'T'hese 
results indicate that patients with an elevated blood 
urea nitrogen level and complex ventricular arrhythmias 
are at very high risk of dying in the 6 months after acute 
myocardial infarction. 


Trivariate Combinations 


Trivariate combinations were analyzed with the two 
methods described. We present only the results of 
method I because it gave a more clearly defined relation 
with 6 month mortality than method II. Table VIT lists 
the seven trivariate combinations most strongly asso- 
ciated with 6 month cardiac mortality as judged from 
the odds ratio. The best prognostic stratification was 
obtained using the values for peak creatine kinase and 
blood urea nitrogen at 2 weeks and the presence of left 
ventricular failure in the coronary care unit. At 6 
months, 10 of the 19 patients (55 percent) with these 
characteristics had died. 'The 6 month cardiac death rate 
of the 71 patients who had none, one or two of these 
characteristics was only 5 percent. Of the 15 patients 
who died within 6 months of acute myocardial infarc- 
tion, 10 had all three of these characteristics. This tri- 
variate combination had a sensitivity rate of 73 percent, 
a specificity rate of 89 percent and an efficiency rate of 
87 percent. 


Discussion 


In our study, the incidence of cardiac death in the 6 
months after hospital discharge was almost four times 
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greater than in the subsequent 6 months. Several other 
studies!-418-20 also have indicated that the death rate 
for survivors of acute myocardial infarction is highest 
in the first 6 months after hospital discharge and de- 
clines substantially over the following 6 months. We 
therefore evaluated the predictive significance of vari- 
ables for cardiac death within 6 months of acute myo- 
cardial infarction. 


Comparison With Previous Studies 
The cardiac death rate in our study of 15 percent for 


the first 6 months and 19 percent for the first year is 


comparable with the death rate found in several other 


studies. Norris et al.9 found a 16 percent mortality rate . 


in the first year after acute myocardial infarction; Vis- 


mara et al.” reported a sudden death rate of 14 percent — 


for the first year. Schulze et al.?? found a 10 percent rate 
of either ventricular fibrillation or sudden death during 


a mean follow-up period of 7.2 months. However, Van — 


Durme and Pannier!? reported a lower rate (8 percent) 
of sudden death within 1 year of acute myocardial in- 
farction, and Moss et al.?? found a 6 month mortality 
rate of only 6 percent, less than half of ours. 


We did not find age a good predictor of early — 
posthospital death after infarction. Moss et al. found - 
that age predicted cardiac death 1 1/2 to 2 years after — 
acute myocardial infarction but not in the first 4 — 
posthospital months.‘ Vismara et al." also failed to find . 
an association between age and cardiac death in the first — 
posthospital year. As in previous studies," the presence 4 
of *classic" coronary risk factors, such as hypertension, ` 
diabetes mellitus, obesity, hypercholesterolemia or . 
smoking, was not a significant predictor of cardiac death . 
within 6 months. Like several previous studies,^?9?4 our — 
study revealed no correlation between previous acute 4 
myocardial infarction or angina and sudden death in the _ 
posthospital phase of acute myocardial infarction.^2024 - 
However, other investigations*!®!§ noted a significant — 


correlation between history of angina and posthospital 
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mortality for periods of 2 months to 3 years. The dif- 
ferences among these studies may be caused partly by 
different criteria for diagnosis, duration and intensity 
of angina before acute myocardial infarction. It is also 
quite likely that the significance of a history of angina 
pectoris may be obscured by supply/demand changes 
in coronary blood flow that result from the index in- 
farction. 

We found that left ventricular failure in the coro- 
nary care unit and an enlarged heart on X-ray exam- 
_ ination 2 weeks after acute myocardial infarction were 

. predictors of early posthospital mortality. These char- 
acteristics reflect extensive myocardial damage or im- 
paired myocardial function, or both. Norris et al. and 
Beard et al.!8 noted that left ventricular failure was 
. significantly more common in patients who died either 
. early (1 to 2 months) or late (3 to 5 years) after their 
infarction. In the Health Insurance Plan (HIP) study,! 
left ventricular failure during acute myocardial in- 
—. farction predicted early death (1 month) but not late 
_ death (4.5 years). Luria2® and Vismara” and their co- 
_ workers concluded that left ventricular failure was not 
. asignificant risk factor. However, Luria et al. did find 
.8 higher rate of digitalis use among patients who later 
. experienced cardiac death (10 percent in survivors and 
40 percent in nonsurvivors). 

Our finding that an elevated blood urea nitrogen 
. level was a significant predictor of cardiac death is in 
. agreement with the work of Luria et al.,25 who found 
.. that this variable was the best predictor of death during 
— follow-up of 143 patients after acute myocardial in- 
— farction. In contrast, Moss et al.? studied 100 patients 
. after acute myocardial infarction and found no signifi- 
. cant difference in the level of blood urea nitrogen be- 
. tween survivors and nonsurvivors. The disagreement 
among these studies may be partly due to differences 
. in patient groups. Also, we found that an elevated uric 
. acid level was significantly associated with cardiac death 
within 6 months. Ghosh et al.2 found that, independent 
of use of diuretic agents, patients admitted for acute 
myocardial infarction had significantly higher uric acid 
concentrations than patients admitted for chest pain 
. who did not have acute myocardial infarction. Both 
decreased renal urate excretion and elevated blood urea 
nitrogen concentrations after acute myocardial infarc- 
. tion could result from decreased renal perfusion due to 
. reduced cardiac output. Although patients with in- 
_ creased blood urea nitrogen were twice as likely to have 
. an elevated serum uric acid level, the association be- 
. tween these two variables was not statistically signifi- 
. cant (P 20.05, o' = 2.1). 

— . Previous workers?1-3? found an association between 
_ the peak creatine kinase level or infarct size index and 
in-hospital mortality from infarction. We found a 
Significant association between peak creatine kinase 
_ level in the coronary care unit and mortality in the first 
. 6 posthospital months. We found increased predictive 
. value by combining increased blood urea nitrogen 2 
. weeks after acute myocardial infarction and left ven- 
tricular failure in the coronary care unit with an elevated 
peak creatine kinase value. There was a 55 percent 
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death rate in patients with all three of these charac- 
teristics, compared with a 5 percent mortality rate in 
other patients. 

There have been conflicting reports9?.4.7.9,10,18,21,22,24 
about the possible relation between the occurrence of 
arrhythmias in the coronary care unit and cardiac 
death in the posthospital phase of acute myocardial 
infarction. Like Vismara” and Luria? and their co- 
workers, we found that ventricular arrhythmias, in- 
cluding ventricular tachycardia and ventricular fibril- 
lation, occurring in the coronary care unit were not as- 
sociated with increased risk of cardiac mortality within 
6 months. The lack of association between ventricular 
arrhythmias in the coronary care unit and cardiac death © 
within 6 months of acute myocardial infarction suggests 
that if a patient survives early electrical instability, his 
later course is not unfavorably altered. 

Our results suggest that the occurrence of at least 1 
ventricular premature depolarization per hour on a 24 
hour continuous electrocardiographic recording 2 weeks 
after acute myocardial infarction increases the risk of 
cardiac death within 6 months, but the result was not 
statistically significant. Similarly, Luria et al.25 found 
a significantly higher death rate during a 2 year fol- 
low-up in patients with 1 or more ventricular premature 
depolarizations in an 8 hour recording made 2 weeks 
after acute myocardial infarction. Moss et al.4 found a 
significantly higher cardiac death rate in patients with 
20 or more ventricular premature depolarizations per 
hour (6 hour recording 2 weeks after infarction). How- 
ever, only 8 percent of their patients had 20 or more 
ventricular premature depolarizations per hour, and 
only 3 of the 11 cardiac deaths occurred in this group. 
Vismara et al? found that complex ventricular ar- 
rhythmias (defined as more than 5 ventricular prema- 
ture depolarizations per minute, multiformed ventric- 
ular premature depolarizations, R on T phenomenon 
or two or more consecutive ventricular premature de- 
polarizations) in 10 hour Holter recordings predicted 
an increased cardiac death rate, whereas simple ven- 
tricular arrhythmias did not. Van Durme and Pannier!? 
evaluated patients with an 8 hour electrocardiographic 
recording 1 month after infarction and followed them 
up for 1 year. They found that 75 percent of those who 
died suddenly had 60 or more ventricular premature 
depolarizations per hour. Schulze et al.21-22 obtained a 
24 hour Holter recording and a radionuclide ejection 
fraction in 88 patients just before discharge after acute 
myocardial infarction. All eight sudden deaths that 
occurred in 7 months of follow-up were in patients with 
both a left ventricular ejection fraction of less than 40 
percent and complex ventricular premature depolar- 
izations. There is reasonably good agreement among 
these studies that frequent or complex ventricular 
premature depolarizations recorded in the late hospital 
phase of acute myocardial infarction are predictors of 
early posthospital cardiac death, particularly if ac- 
companied by significant left ventricular dysfunc- 
tion. 

Moss et al.* previously used multivariate prognostic 
stratification to identify a high risk group. They found 
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a 19 percent cardiac mortality rate within 4 months of 
acute myocardial infarction among patients who had 
two or three of the following characteristics: 20 or more 
ventricular premature depolarizations per hour, history 
of angina on moderate activity or at rest, and hypoten- 


—. Sion or heart failure, or both, in the coronary care unit. 


Patients with none or one of the three variables had a 
2 percent mortality rate. Although we used similar 
methods to analyze our data, our results differ greatly 
from theirs; their best multivariate set of predictors was 
not significantly associated with 6 month cardiac mor- 
tality in our patients. This difference could be attrib- 
utable to the very significant differences between their 
patients and ours. Their patients were younger (they 
enrolled no patients older than 65, we had 39 patients 
over this age), healthier (4 percent 4 month cardiac 
mortality rate compared with our 10 percent) and 
mostly white (97 percent compared with our 58 per- 
cent). Moreover, their study was conducted in suburban 
community hospitals, and ours was done in an urban 
university hospital. Nevertheless, the lack of cross- 
validation is distressing in that it raises questions about 
the general applicability of stratification results ob- 
tained in a single medical center. ' 


Implications 


In this study we achieved considerable success in 
finding combinations of variables that identify acute 
myocardial infarction patients at very high or very low 
risk for cardiac death in the early posthospital period. 
Risk stratification has several purposes. We want to 
identify postinfarction patients who are at very low risk 


in order to avoid exposing this group to the hazards of 
even low risk interventions such as drug therapy. Con- 


versely, a group at very high risk may be suitable for an . 


intervention with significant morbidity or mortality, or 
both, such as cardiac surgical intervention. Also, it may 
be desirable to select a high risk group that lacks a cer- 
tain risk factor because that factor precludes the in- 
tervention being contemplated; for example, high risk 
patients who lack severe left ventricular dysfunction 


could be enrolled in beta receptor blocker intervention - 
trials. For the future, risk stratification using func- . 
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tionally recognizable categories, such as arrhythmia, — 


ischemia and ventricular dysfunction, should be more 
fully explored. High risk groups identified in this way 


readily suggest strategies for clinical treatment or in- 4 


tervention trials. Also, further clarification of the 


mechanisms by which risk factors affect mortality will | 


be extremely useful in planning the means to prevent 


- 


mortality in the year after acute myocardial infarction. — 
Improved risk stratification and better understanding 


of risk mechanisms should also significantly reduce the 
cost of preventing cardiac death during the early 


posthospital period of acute myocardial infarction by P 
permitting better selection of interventions and treat- S 


ment groups. 
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Clinical studies have long suggested the presence of a specific cardio- 
myopathy in sickle cell anemia secondary to intracoronary thrombosis 
and subsequent infarction. Fifty-two autopsy patients were studied (48 
with SS hemoglobin, 4 with S-C or S-Thal hemoglobin) to ascertain the 
range of cardiac pathologic abnormalities associated with this disease. 
The average age was 17 years (range 1 month to 48 years). Renal failure 
and infection were the most common causes of death; the former was a 


more common cause in adults than in children. Right and left ventricular — 
hypertrophy and dilatation were the most common abnormal pathologic — 


findings. No evidence of recent or remote myocardial infarction, coronary 


thrombosis or arteritis was noted in any patient. Eight patients who were - 


studied with postmortem coronary arteriograms exhibited markedly in- 
creased coronary arterial caliber with no evidence of atherosclerosis. 
Seventeen of the 52 patients studied had clinical evidence of congestive 
heart failure before death. Of these 17 patients, 7 had moderate to severe 
left ventricular hypertrophy associated with chronic renal failure and 
hypertension, 2 had right ventricular hypertrophy with organized pulmo- 
nary thrombosis, 2 had rheumatic mitral valve disease and 2 died during 
the second trimester of pregnancy. Two of the 17 patients thought to have 
pulmonary edema before death in fact had aspiration pneumonia and 
hemorrhagic pneumonitis, respectively. The data suggest that cardiac 
dysfunction in sickle cell anemia can usually be explained by the adverse 


effect of coexisting disease on the diminished cardiac reserve of chronic — 


anemia. The data do not support the concept of a specific “sickle cell 
cardiomyopathy." 


The diagnosis of congestive heart failure is often difficult in patients with 
sickle cell anemia. Dyspnea and fatigue, together with cardiac murmurs, 
gallop rhythms and cardiomegaly, are common in these patients and 
often so striking as to suggest left ventricular dysfunction.’ Thrombosis 
of small intracardiac blood vessels by aggregates of sickled erythrocytes 
is cited as a possible mechanism for the production of left ventricular 


dysfunction in these patients. However, the evidence supporting - 


thrombosis and subsequent myocardial infarction is scant.9? This study 


analyzes the cardiac findings in 52 patients with sickle hemoglobin ex- — 
amined at autopsy. The findings in the patients with clinical evidence — 
of congestive heart failure are compared with those in patients without — 
evidence of failure. The data suggest that patients with congestive heart — 


failure usually have severe coexisting disease secondarily affecting 
myocardial function rather than a cardiomyopathy specific for sickle 
cell anemia. 


Methods 


Patients: The data were reviewed on all patients with the diagnosis of sickle 
cell anemia subjected to autopsy from 1915 to 1977 at 'The Johns Hopkins 
Hospital. Patients who died before the introduction of hemoglobin electro- 
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phoresis were included if the clinical history described chronic 
_ hemolytic anemia and jaundice with sickled erythrocytes on 
. blood smears. Patients with mild anemia, hemolysis and 
. sickled erythrocytes noted on blood smears who had attacks 
. of bone or abdominal pain, or both, but whose spleen was 
. noted to be normal or enlarged at autopsy were considered to 
. have either SC or S-Thal disease. The records of each autopsy 
patient were reviewed for clinical signs of cardiac dysfunction, 
including a history of congestive heart failure, pulmonary 
edema or arrhythmia. Retrospective analysis of the data on 
. congestive heart failure was not attempted. Patients were 
_ considered to have congestive heart failure if this diagnosis 
. had been specifically considered by physicians in attendance 
_ before death. Generally this diagnosis was based on the 
. presence of dyspnea, orthopnea, pedal edema, rales and gallop 
_ rhythms. Patients presenting with pain in the limbs, back, 
. chest or abdomen in association with normal or slightly ele- 
. vated temperature and the passage of dark urine were con- 
~ sidered to have died in crisis if no other cause of death was 
. evident at autopsy. Patients 16 years of age or older at the time 
of death were classified into Group I (adults); younger patients 
. were classified into Group II (children). 
. Pathologic examination: The clinical and autopsy records 
. and histologic slides including sections of heart, lung, liver, 
os spleen, kidney and bone for each patient were reviewed, and 
Usa primary cause of death was decided on for each patient. 
j Gross specimens available from 13 patients were also reviewed. 
. In the adult group a heart weighing less than 350 g was con- 
sidered normal, one weighing 350 to 500 g moderately enlarged 
and one weighing more than 500 g markedly enlarged. Left 
. ventricular hypertrophy was noted when the heart was en- 
p as assessed from heart weight and the left ventricular 
. free wall thickness was greater than 1.5 cm. Ventricular dila- 
. tation was considered present when specifically mentioned 
. in the gross description and when observed in the gross 
. specimen and photographs. In eight patients, the heart had 
m studied after postmortem arteriography and formalin 
- fixation in a distended state. The diameter of a theoretical 
k single coronary artery (Dry) supplying the heart was deter- 
- mined by measuring the diameters of the right (Dg) and left 
- Dy) coronary arteries from the arteriograms and applying the 
| .. formula: 


(Dqy)? = (Dg)? + (Dy)? 


. The derivation and use of this measure of coronary caliber is 
.— described elsewhere.? 


ue 
. TABLE | 
. Clinical Features of 52 Patients With Sickle Cell Anemia 
Group | Group II 
E (adults) (children) 
A (25 patients) (27 patients) 
Mean age and range (yr) 29 (16-48) 5.4 (0.4—15) 

 Male/female ratio 10/15 14/13 
y Hematocrit (mean and range of values 19 (12-46) 20 (5-32) 

- before death) (96) 

- Con Congestive heart failure before death — 14 (56%) 3 (1196) 
. (no. of patients and % of group) 
S ieie t (history of blood pressure 6 (2496) 3 (1196) 
... 290 mm Hg diastolic) (no. of patients 
.. end % of group) 

. Renal disease (history of blood urea 8 (2596) 1 (496) 


3 nitrogen 750 mg/dl) (no. of patients 


. and % of group) 
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Results | 


Clinical features: The average age of the 52 patients 
studied was 17 years, and 24 of the patients (46 percent) 
were male (Table I). Hemoglobin electrophoresis, per- 
formed in 31 of the 52 patients, confirmed the presence 
of SS hemoglobin in 30 and SC hemoglobin in 1. Eigh- 
teen of the remaining 21 patients studied had a clinical 
course compatible with sickle cell disease (SS hemo- 
globin), and 3 had in addition splenomegaly suggesting 
S-C or S-Thal hemoglobin. The children's group con- 
sisted of 14 boys and 13 girls whose average age was 5.4 
years (range 5 months to 15 years). Congestive heart 
failure and renal disease were much more common in 
the adult than in the children's group (Table I). 

Systolic murmurs were heard in 58 percent of the 
patients who did not die suddenly at home or immedi- 
ately on entry into the hospital. A systolic murmur was 
present in 76 percent of the patients with congestive 
heart failure. A diastolic murmur was described in three 
patients, only one of whom had rheumatic heart disease. 
All three patients with a diastolic murmur had con- 
gestive heart failure before death. 

Renal failure and infection were the most common 
causes of death (Table II). Infection was the most 
common cause of death in the children's group; death 
from renal failure was more common in adults. Of the 
six patients who died from renal failure, two had pa- 
pillary necrosis at autopsy, two had lesions compatible 
with chronic glomerulonephritis, one had extreme ar- 
teriosclerosis with parenchymal fibrosis and one had 
widespread scarring of uncertain origin. Other causes 
of death included congestive heart failure in two pa- 
tients (Patients 1 and 6, Table III), hemorrhage related 
to pregnancy or surgery in three and infectious com- 
plications after surgery in three. 

Postmortem cardiac findings: Table IV lists the 
cardiac findings at autopsy in the two groups. Right and 
left ventricular dilatation was common in both adults 
and children; however, right and left ventricular hy- 
pertrophy was more common and more severe in adults. 
Of the nine adults with left ventricular hypertrophy, five 
had severe hypertrophy, and four of these five had a 
history of hypertension in the presence of chronic renal 
failure. 








TABLE Il 
Causes of Death 
Group Group II 
| (adults) (children) 
(25 patients) (27 patients) 
Congestive heart failure 2 0 
Renal failure 5 1 
Infection 6 11 
Cerebral lesion 1 1 
Respiratory failure 3 1 
Crisis 4 8 
Hemorrhage 3 0 
Miscellaneous 1 5 
Total 25 27 
A Me Ls a E VT i 





| TABLE ili 


Clinical and Pathologic Findings in 17 Patients With Sickle Cell Anemia and Clinical Diagnosis of Congestive Heart Failure 


. Case Age (yr) 
no. & Sex HCT Clinical Features Pathologic Fi 
1 29F 25 Pregnant (second trimester) Active myocarditis, 
- cardiac hemosiderosis, 
moderate LVH 
2 19M 15 Hypertension, Fibrinous pericarditis, 
chronic renal failure severe LVH 
3 28F 13 Chronic renal failure Moderate LVH 
4 33M 20 Hypertension, Severe LVH, rheumatic MV disease 
chronic renal failure 
5 42F 16 Hypertension, Severe LVH 
chronic renal failure 
6 30M 19 History of dyspnea, RVH, organized pulmonary thrombi 
crisis 
7 32F 29 Staphylococcal sepsis, Fibrinous pericarditis, rheumatic 
pulmonary edema MV disease 
8 29F 46 Dyspnea RVH, organized pulmonary thrombi 
9 23F 10 Pregnant (second trimester), Moderate LVH 
tuberculosis 
10 46F 15 Postoperative abscess, Fibrinous pericarditis, 
uremia, hypertension moderate LVH | 
11 48M 16 Multiple myeloma Hemorrhagic pneumonia, $ 
moderate LVH 1 
12 19M 19 Recurrent pulmonary emboli Severe RVH, pulmonary fibrosis m 
13 18M 15 Crisis Aspiration pneumonitis i 
14 21M 12 Hypertension, Severe LVH * 
chronic renal failure : 
15 OF 20 Crisis, RVH and dilatation, LVH o 
history of hypertension D 
16 4F 5 Aplastic crisis, Mild left and right 4 
transfusion before death ventricular dilatation à 
17 15M 11 Hypertension, Moderate LVH, fibrinous a 
chronic renal failure pericarditis a 


HCT = hematocrit; LVH = 


TABLE IV 
Cardiac Pathologic Findings in Sickle Cell Anemia 
Adults Children 
(25 patients) (27 patients) 
no. % no. % 
Left ventricular 
Dilatation 11 44 8 30 
Hypertrophy 9 36 6 22 
Right ventricular 
Dilatation 16 64 13 48 
Hypertrophy 9 36 6 22 
Pericarditis 3 12 1 4 
Myocarditis 1 4 3 11 
Rheumatic valve disease 1 4 1 4 
Myocardial scarring (focal) 3 12 1 4 
No cardiac disease 3 12 7 26 


Myocarditis was present in one adult patient (Fig. 1). 
The condition occurred in the second trimester of 
pregnancy and was associated with marked cardiac 
hemosiderosis. Three children also had myocarditis: one 

- died suddenly of unknown cause, one of meningococ- 
. cemia and the third of myocarditis that appeared to be 
syphilitic in origin. Pericarditis, noted in four patients, 
occurred in association with renal failure in three and 
with sepsis in one. 

Valvular heart disease was present in two adult pa- 

- tients, and in both patients the thickened mitral leaflets 
with commissural fusion and thickened chordae ten- 


ee 
Li e 6 LA 


left ventricular hypertrophy; MV = mitral valve; RVH = right ventricular hypertrophy. 
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dineae were compatible with rheumatic heart disease. 
Microscopic myocardial scarring, focal in nature, was 
present in two adults and one child. No patient had 
evidence of recent or remote myocardial infarction, 
coronary arteritis, emboli, thrombosis or atherosclero- 
sis. 
Clinical congestive failure: postmortem findings: 
Seventeen of the 52 patients studied had clinical evi- 
dence of congestive heart failure (Table III). Seven of 4 
these 17 patients had chronic renal failure, which was- _ 
associated with fibrinous pericarditis in 3 patients, 
hypertension in 6 and moderate to severe left ventric- 
ular hypertrophy in 4. Two of the 17 patients were inthe _ 
second trimester of pregnancy. One patient had severe — 
cardiac hemosiderosis and myocarditis (Fig. 1). Cor - 
pulmonale was present in three patients (Fig. 2). 
Pathologic evidence of rheumatic mitral valve disease - 
was noted in two patients. Two patients were € 
clinically to have pulmonary edema but at autopsy were _ 
noted to have an aspiration pneumonitis and hemor- _ 
rhagic pneumonia, respectively. Mild left and right — 
ventricular dilatation only was noted at autopsy in two | 
patients, one of whom had received a blood transfusion - - 
before congestive heart failure developed. "3 
Of the 35 patients who did not have clinical evidence 
of congestive heart failure, 19 at autopsy had mild to 
moderate right and left ventricular dilatation and hy- 
pertrophy, 1 had severe left ventricular hypertrophy 
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FIGURE 1. Left ventricular myocardium of a 29 year old patient with 
SS hemoglobin who had been maintained on a chronic transfusion 
program and was 4 months pregnant at the time of death. Top, there 
is a focal myocarditis (arrow) with loss of individual muscle cells and 
groups of cells and an acute inflammatory cell infiltration. The dark 
material is injection mass within dilated arterioles and capillaries 
(hematoxylin-eosin X 150, reduced by 27 percent). Bottom, the cardiac 
muscle cells contain abundant hemosiderin, particularly in perinuclear 
positions. Macrophages in the areas of muscle cell loss also contain 
large quantities of iron (arrow). It is unknown whether the muscle cell 
necrosis is caused by the iron accumulation or, more probably, by a 
coexistent injury, possibly a viral myocarditis (iron stain X500, reduced 
by 27 percent). 


. and 11 had a normal-appearing heart. Myocarditis, 


present in two patients, was focal in one and diffuse in 


.. the second, occurring in the latter with severe bacterial 


pneumonia. Rheumatic mitral valve disease was present 


-. in one patient. A punctate myocardial hemorrhage was 


. noted in one patient who had numerous systemic fat 


emboli. 

Postmortem coronary arteriography: In the eight 
cases in which a postmortem coronary arteriogram (Fig. 
3) was available for study, heart weight ranged from 320 
to 900 g (average 517). The diameter calculated for the 
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FIGURE 2. Transverse section of the right (RV) and left (LV) ventricles 
of a 40 year old man with SC hemoglobin. The heart, which weighed 
450 g, shows right ventricular hypertrophy. IVS = interventricular 
septum. 


theoretical single coronary artery (Drp) ranged from 4.9 
to 8.0 mm (average 6.7 + 1.1 mm [standard deviation]). 
In a previous study? we showed in a group of 145 hearts 
with normal coronary arteries that the Drp, determined 
as for the hearts studied here, was 5.8 + 1.0 mm (range 
3.0 to 8.6). The heart weight, which is closely correlated 
with coronary caliber, ranged from 110 to 1,230 (average 
538) for the 145 hearts. Because the heart weights in the 
two groups are similar, comparison of coronary calibers 
shows that the Dr for patients with sickle cell disease 
is significantly larger (P «0.01 by Student's t test). 


Discussion 


Proposed mechanisms for myocardial dysfunc- 
tion in sickle cell anemia: The cardiovascular abnor- 
malities of sickle cell anemia have been widely discussed 
since the disease was first described in 1910 by Her- 
rick.!? The often striking systolic murmurs and gallop 
rhythms, together with an enlarged cardiac silhouette 
and electrocardiographic repolarization abnormalities, 
combine to suggest left ventricular dysfunction in many 
of these patients.* Although the hyperkinetic circulation 
found with chronic anemia of any cause may produce 
many of these findings,!! congestive heart failure is cited 
as a complication of sickle cell anemia.5 Although cor 
pulmonale secondary to recurrent pulmonary throm- 
bosis is established as a complication of this disease, !2.13 
it has been suggested that myocardial dysfunction 
caused by thromboses of small intracardiac vessels with 


subsequent infarction can occur.? In addition, an ill 


defined coronary arteritis has been described in limited 
pathologic reports and has been proposed as a cause of 
myocardial disease. However, the evidence supporting 
these proposed mechanisms for myocardial dysfunction 
rests on isolated case reports and limited pathologic 
studies.97 
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FIGURE 3. Coronary arteriograms. 
A, postmortem radiograph of the 
420 g heart of a 42 year old woman 
with SS hemoglobin. The coronary 
caliber is within the normal range 
for similar-sized hearts of patients 
without sickle cell disease. B, ra- 
diograph of the 350 g heart of a 16 
year old youth with SS hemoglobin. 
The coronary arteries have marked 
increase of caliber. Despite the di- 
latation there is no increase in epi- 
cardial coronary arterial tortuos- 


ity. 


Left ventricular function is difficult to evaluate 
clinically in sickle cell anemia because weakness, fatigue 
and dyspnea together with gallop rhythms are com- 
monly present and probably represent systemic effects 
of chronic anemia rather than true congestive heart 
failure in many patients. In a recent study of patients 
with sickle cell anemia, ejection phase indexes of left 
ventricular function were measured using echocardi- 
ography,!^4 and no differences were observed in ejection 
fraction or velocity of circumferential fiber shortening 
between patients with sickle cell anemia and normal 
control patients. Furthermore, with these same indexes 
no differences were detectable between older and 
younger patients with sickle cell anemia.!^ 

Although previously described autopsy findings have 
included right and left ventricular dilatation, increased 
heart weight,':4 ill defined arteritis in the presence of 
intracoronary aggregates of sickled erythrocytes?" and 
a peculiar cardiomyopathy,!?.16 most reports have been 
based on a small number of patients. In our consecutive 
nonselected series, cardiac abnormalities were frequent; 
however, when present they appeared to be secondary 
to associated disease or an unrelated illness. 

Role and mechanisms of congestive heart failure: 
In our study clinical evidence of congestive heart failure 
was present in 17 patients (33 percent) and was noted 
more often in adults than in children. This is consistent 
with the findings of a recent demographic study showing 
that infection is a more frequent cause of death in 
children, whereas complicated illnesses with multi- 
organ failure are a more frequent cause of death in 
adults.!? There were striking differences in the cardiac 
pathologic findings in the groups dying with and with- 
out congestive heart failure. Of the 17 patients who had 
a clinical history of congestive heart failure, 8 (47 per- 
cent) had heart failure in the setting of hypertension or 
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chronic renal failure, 3 had cor pulmonale and 2 had 


rheumatic heart disease. In 14 of these 17 patients with - 


heart failure, marked ventricular hypertrophy with or 
without dilatation was present at autopsy, but in each 
case the hypertrophy was associated with noncardiac 
sickle cell disease or with coexisting non-sickle cell 


disease. Two of the three patients with less severe car- — 


diac abnormalities had lung disease that probably easily 
masqueraded as pulmonary edema when viewed in 
conjunction with the cardiomegaly and gallop rhythm 
of the associated chronic anemia. These two cases un- 


derscore the difficulty of diagnosing congestive heart 


failure in sickle cell anemia in the presence of severe 
coexisting disease. In no heart was myocardial infarction 
or myocardial fibrosis noted. 

Coronary arterial findings: The examined coro- 
nary arteries were normal, with no evidence of arteritis, 
in situ thrombosis, embolism or atherosclerosis. Fur- 
thermore, the small intramural coronary arteries were 
normal. Of interest were the *supernormal" coronary 
arteries in the patients who had postmortem angio- 
grams. The coronary tree in these patients was not only 
widely patent, but of increased caliber compared with 
that in a series of hearts of comparable weight and 
normal coronary arteries. 'T'he significance of such su- 


pernormal coronary arteries in this disease is not known, | 


but it may be a response to chronic anemia and in- 
creased blood volume. Whether the absence of athero- 


sclerosis in these patients is significant is not known | 
because the average age of the adults was only 29 years. _ 


Nevertheless, the five patients over age 40 years had no 
evidence of coronary atherosclerosis. 

Implications: These data suggest that hypertensive 
cardiovascular disease in association with renal failure, 
cor pulmonale secondary to pulmonary hypertension 
and changes in blood volume associated with pregnancy 
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and transfusion therapy suffice to explain most episodes 
of congestive heart failure. The findings do not support 
the existence of a specific “sickle cell cardiomyopathy." 
They do suggest that patients with sickle cell anemia are 
at risk of having congestive heart failure associated with 
the diminished cardiac reserve of chronic anemia but 
precipitated by coexisting disease. We conclude that 
patients with sickle cell anemia and congestive heart 
failure should be investigated fully for the precipitating 





causes of the failure before they are labeled as having 
"sickle cell cardiomyopathy." 
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KLYTE D EFFERVESCENT TABLETS 


Each effervescent tablet in solution supplies 50 mEq potassium as bicarbonate and citrate. 
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Prescribing Considerations 
And In goo -tasting Indications: K-LYTE DS, is an oral potassium supplement for therapy or prophylaxis of potassium 


u 
. deficiency. It is particularly useful when thiazide ALKENES, corticosteroids, or severe vomiting and 
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potassium salt preparations, patients should be carefully directed to dissolve each dose 
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Adverse Reactions: Nausea, vomiting, diarrhea, and abdominal discomfort may occur with the use of 


m A record of safety...no reports of potassium salts. — bem 
osage and Administration: Adults: 1 tablet completely dissolved, 1 to 2 times daily, e 


i j upon the requirements of the patient: 1 tablet (50 mEq. potassium) in 6 to 8 ounces of cold or ice 
GI U | cerat ion IN over q decade water. The normal adult daily requirement is approximately 50 mEq. of elemental potassium. 
of use of ori g in al K- LYTE 1 NOTE: It is suggested that K-LYTE DS be taken with meals and sipped slowly over a 5-10 minute 
a Co st is less tha na d iet of individually foil-wrapped tablets. Also available, K-LYTE (25 mEq. potassium) effervescent tablets 
(orange or lime flavors) in cartons of 30 and 250. 
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Date: 5/14/78 
Clinieal Comments: Normal sinus rhythm 


Rx: Continue on Quinaglute 1 tab ql2h 


Date: 10/19/68 
Clinical Comments: Multiple pre- 
mature ventricular contractions 


Rx: Quinaglute 1 tab ql2h 





For nine and a half years 
(quinidine gluconate) 


has kept the pace for Mary L: 


“Based on actual case history (photos posed by professional model). 
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DURAJTABS" 


324 mg 


glute 


keeps the pace for patients 
with cardiac arrhythmias 


For Mary L. and hundreds of thousands of cardiac 
patients, QUINAGLUTE® Dura-Tabs® have helped 
maintain the pace of normal sinus rhythm over 
long-term therapy. In the 19 years since its intro- 
duction, QUINAGLUTE has amassed an impressive 
clinical record of therapeutic efficacy, safety and 
patient acceptance. 


Classic antiarrhythmic therapy — 
Time-proven for efficacy 


» in the management of PAC, PVC and atrial 


fibrillation 


Time-proven for reliability 


» in maintaining quinidine plasma levels for 


8 to 12 hours 


* in providing sustained control without peaks and 


valleys in plasma levels 


Time-proven for safety 


e low incidence of G.I. irritation 
* 19 years of patient and physician acceptance 


Time-proven for patient compliance 


» convenient dosage schedule that's easy to 


remember: 1 to 2 Dura-Tabs® every 8 or 12 hours 


* h.s. dose helps avoid early morning reversion 


Contraindications: Aberrant impulses and abnormal rhythms 
due to escape mechanisms should not be treated with quini- 
dine. 

Partial A-V or complete heart block, or intraventricular con- 
duction defects, especially those exhibiting a marked grade of 
QRS widening. Renal disease resulting in significant azotemia, 
or those developing cardiotoxic effects such as conduction de- 
fects, ventricular premature beats, ventricular tachycardia or 
flutter while on the drug. 

Marked cardiac enlargement, particularly with congestive 
failure, poor renal function, and especially renal tubular aci- 
dosis. Idiosyncrasy or hypersensitivity to quinidine. 


Warnings: In the treatment of atrial flutter, reversion to sinus 
rhythm may be preceded by a progressive reduction in the de- 
gree of A-V block to a 1:1 ratio resulting in an extremely rapid 
ventricular rate. 


Precautions: The precautions to be observed include all those 
applicable to quinidine. A preliminary test dose of a single tablet 
of quinidine sulfate should be administered to determine if the 
patient has an idiosyncrasy to quinidine. Hypersensitivity to 
quinidine, although rare, should constantly be considered, 
especially during the first weeks of therapy. 

Quinidine in large doses may reduce the contractile force of 
the heart, therefore, extreme caution should be exercised in 
using the drug in patients with severe heart disease, hypoten- 
sion or digitalis intoxication. 

It should be administered cautiously, if at all, to senile pa- 
tients. Hospitalization for close clinical observations, electro- 
cardiographic monitoring, and possibly plasma quinidine 
levels, is indicated when large doses are used, or with patients 
who present an increased risk. 


Adverse reactions: Cinchonism, tinnitus, decreased auditory 
acuity, vertigo, headache, blurred vision, color perception dis- 
turbances, photophobia, diplopia, night blindness, scotomata, 
reduced visual fields, mydriasis, hypotension, respiratory dis- 
tress, and gastrointestinal disturbances. 101-71 
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The Pacing for Life™ Warranty 
provides this assurance to the 
patient who receives 

Medtronic Xyrel*-VL or 

Xyrel*-VP pulse generators: If 

the pulse generator fails to 

function within normal 

tolerances for any reason 

(including exhaustion of the 

battery or other component), 
Medtronic will provide for the 
patient a functionally 

comparable Medtronic® pulse 
generator at no charge. In 

addition, if the failure is due to a 
defect in materials or workmanship, 
Medtronic will reimburse the patient 
for up to $450.00 of reasonable, 
uninsured medical expenses incurred 
in connection with the replacement. 


This same warranty will apply to any 
Medtronic” replacement pulse generator 
supplied pursuant to its terms.* 
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NOW AVAILABLE FOR YOUR PACEMAKER 
PATIENTS FROM MEDTRONIC* 





That’s right, doctor. If your patient receives a Xyrel*-VL or 
Xyrel®-VP pacemaker, Medtronic will provide a lifetime 
pacemaker replacement guarantee. If the pacemaker 
fails for any reason — any reason — Medtronic will re- 
place if. Free. 


For further information on the pacemakers covered by 
the Pacing for Life™ program, contact your Medtronic 
representative, or write or call Medtronic directly at 3055 
Old Highway Eight, Minneapolis, Minnesota 55418. (612) 
574-4000 
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Pacing for Life™. Xyrel* and Medtronic* are trademarks of Medtronic. Inc.. Minneapolis, Minnesota USA 
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MEDTRONIC* 
IMPLANTABLE PULSE GENERATORS 


INTENDED USES 

Ventricular pacing using an implantable 
ventricular pulse generator is for long-term 
therapeutic contrcl of heart rate in patients with 
impulse formation or conduction disorders 
leading to bradyarrhythmias, tachyar- 
rhythmias and heart block (see product label- 
ing for detailed list of intended uses). 


CONTRAINDICATIONS 
There are no known contraindications to the 
use of pacing as a therapeutic modality forthe 
control of heart rate. The patients age and 
medical condition, however, may dictate the 
particular pacing systems and implantation 
procedure used by the physician. 


WARNINGS 

Diathermy should not be used on patients with 
pacemakers because of possible heat 
damage to electronic components. Elec- 
trosurgical units should never be used in the 
vicinity of unipolar pulse generators or bipolar 
pulse generators implanted in the unipolar 
mode because of danger of introducing 
fibrillatory currents into the hear via the 
implanted pulse generator/lead. Pulse 
generators may be damaged by defibrillatory 
discharges if the paddles are placed over the 
implanted pulse generator. 


PRECAUTIONS 

The physician should be aware that all pulse 
generators will ultimately cease to function, 
and may fail at any time due to random com- 
ponent or battery failures which cannot be 
predicted prior to failure. Also, that the pacing 
system may cease to function at any time due 
to lead-related problems such as displace- 
ment, fracture, fibrotic tissue formation, and 
elevated thresholds, and that proper operation 
may be affected by electrical interference 
from equipment using electrical energy, or 
medical complications. 


SIDE EFFECTS 
Body rejection phenomena, including local tis- 
sue reaction, muscle and nerve stimulation, in- 
fection, erosion of pulse generator/lead 
through skin, transvenous lead-related throm- 
bosis, embolism and cardiac tamponade. 





A Medtronic 


Medtronic, Inc. 
3055 Old Highway Eigh 
Minneapolis, MN 55418 





Prescribe Tunturi exercise for your patient 
Work is measured ina watt load range of 25. 
300wat50rpm. The Tunturiis quiet, affordab 
and portable, with quality Finnish constru 
tion. It's rehabilitation your patients can li 
with. 

Distribution Centers in Seattle, Los Angele 
Chicago, Houston and Baltimore. 


Call Amerec collect at 206-454-2161 fc 
complete information, including profe: 
sional discounts. 

Imported and Distributed Nationally by: 
Amerec Corp., Fitness Equip. Div. 
P.O. Box 3825, Bellevue, WA 9800 
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Efficacy thoroughly proved and documented— 
no other antiarrhythmic agent subjected to such 
rigidly controlled study prior to introduction 


Effective in specific ventricular arrhythmias— 
indicated in premature ventricular contractions 
(PVCs): unifocal, multifocal or paired PVCs 

or episodes of ventricular tachycardia (VT) 


Excellent patient tolerance—lower incidence 
of severe side effects than quinidine...and 
significantly better tolerated 


From Searle 


NOPPace 
(disopyramide phosphate) 





As effective as 

quinidine sulfate 

for specific 

ventricular 

arrhythmias... 

but with a 

lower incidence 
of severe 

side effects 





Dose-related plasma levels—plasma levels 
©- correlate closely with dosage 


Norpace effect on hemodynamics—rarely 
alters blood pressure significantly at recom- 
mended oral doses, and may reduce cardiac 
output by about 10976 


Please see next page for a brief summary 
of prescribing information. 





In specific ventricular arrhythmias...prove 


NOPPace 
(disopyramide phosphate 


as effective as quinidine sulfate... with a 





Results of double-blind controlled studies 


A double-blind multicenter clinical study 
involving five investigators was conducted 
to compare the relative effectiveness and 
tolerance of Norpace and quinidine sulfate. 
Prior to qualifying for the study, each patient 
had antiarrhythmic medication discontinued 


criterion of at least 60 ectopic beats per hour 
(PVCs, PACs or combination of the two). All 
other arrhythmias were excluded except 
paroxysmal ventricular or atrial tachycardias 
occurring in conjunction with the above. It was 
apparent that both drugs were capable of 


for at least one week. Nine-hour Holter record- 
ings were then used to establish an admission 


reducing ectopic activity and maintaining 
suppression throughout the course of therapy. 


700 








Median number of ectopic beats during successive 2-week Holter 
recordings for Norpace- and quinidine-treated patients. 


600 


500 Quinidine patients (40 completing study) 


|__| Total population—40 patients * 


E: 


Norpace patients (56 completing study) 
[J Total population—56 patients * 


EE] Ventricular ectopic 
beats > 60/hr—43 patients 





Ventricular ectopic 
beats > 60/hr—32 patients 





400 400 










300 300 


Median number of ectopic beats/hr 


200 200 


100 100 








Qualifying 2-week 4-week 6-week 8-week 
ECG ECG ECG ECG ECG 


* Includes patients with more than 60 total (atrial and ventricular) ectopic beats per hour but who had fewer than 60 
ventricular ectopic beats per hour. 





6-week  8-week 


Qualifying 2-week 4-week 


ECG ECG ECG ECG ECG 


There was no statistically significant difference in reduction of ectopy between the two drugs. 


Copyright © 1978, G. D. Searle & Co. 


effective by extensive Holter monitoring 





lower incidence of severe side effects 


Significantly fewer dropouts with Norpace 


The entire study population was analyzed (disopyramide phosphate) 
for side effects. The side effects experi- 
enced by Norpace patients were usually 
mild and mainly anticholinergic, including: 
dry mouth, urinary hesitancy, constipa- 
tion, blurred vision. The anticholinergic 
side effects were generally transient. 
Adverse reactions with quinidine were 
more serious and affected a greater num- 
ber of patients. The most common symp- 
toms were: severe diarrhea; gastrointes- 
tinal symptoms including cramps, nausea 
and vomiting; dizziness; fever; and rash. 


Quinidine dropouts in 62 patients Norpace dropouts in 62 patients 
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Dosage and administration 


Supplied as 100-mg and 150-mg capsules. Dosage should be individualized based on response 
and tolerance. Usual adult dosage is 400 to 800 mg per day given in divided doses four times daily. 


Initial Norpace dosage 
Patients 110 Ib and over 


. Patients less than 110 Ib 





NOPPace 
(disopyramide phosphate) 





gr 





as effective as quinidine sulfate 
for specific ventricular arrhythmias... with 
a lower incidence of severe side effects 


Before prescribing Norpace (disopyramide phosphate), please consult current 


complete prescribing information, a summary of which follows : 


Indications: Norpace is indicated for suppression and prevention of 
recurrence of the following cardiac arrhythmias when they occur singly 
or in combination: unifocal premature (ectopic) ventricular contractions: 
premature (ectopic) ventricular contractions of multifocal origin; paired 
premature ventricular contractions (couplets); and episodes of ventric- 
ular tachycardia (persistent ventricular tachycardia is ordinarily treated 
with D.C. cardioversion). 

Norpace is equally effective in treating the above arrhythmias in both 
digitalized and nondigitalized patients. It is also equally effective in treat- 
ing primary.cardiac arrhythmias and those which occur in association with 
organic heart disease including coronary artery disease. Oral Norpace 
has not been adequately studied in patients with acute myocardial infarc- 
tion or in patients with persistent ventricular tachycardia or atrial arrhyth- 
mias and is not indicated for arrhythmias due to digitalis intoxication. The 
value of antiarrhythmic drugs in preventing sudden death in patients with 
serious ventricular ectopic activity has not been established. 


Contraindications: Cardiogenic shock, preexisting second- or third- 
degree AV block (if no pacemaker is present), or known hypersensitivity 
to the drug. 


Warnings: Severe hypotension has been observed primarily in patients 
with primary cardiomyopathy or inadequately compensated congestive 
heart failure. If hypotension develops Norpace should be discontinued 
promptly unless hypotension is due to the arrhythmia. 

Norpace should not be used in the presence of poorly compensated or 
uncompensated congestive heart failure unless it is exacerbated by or 
caused by an arrhythmia and proper treatment including optimal digitali- 
zation has been accomplished. In some patients with marginally com- 
pensated heart failure. Norpace may worsen cardiac decompensation. In 
these patients, progressing congestive heart failure should generally be 
treated with cardiac glycosides and diuretics and the course of treatment 
closely followed. Norpace dosage should be reduced or discentinued if 
adequate control of congestive failure is not attained. 

If first-degree heart block develops, the dosage of Norpace should be 
reduced. If the block persists, continuation of Norpace must depend upon 
an assessment of the benefit versus the risk. Development of second- or 
third-degree AV block or uni-, bi- or trifascicular block requires discontinu- 
ation of Norpace, unless the ventricular rate is adequately controlled by 
a pacemaker. 

Because of its anticholinergic properties, Norpace should not be used 
in patients with glaucoma, myasthenia gravis or urinary retention, unless 
adequate overriding measures are taken. 


Precautions: If significant widening (greater than 25%) of the QRS com- 
plex occurs, Norpace should be discontinued. If Q-T prolongation greater 
than 25% occurs and if ectopy continues, monitor closely and consider 
discontinuing Norpace. 

Patients with atrial flutter or fibrillation should be digitalized prior to 
Norpace administration to ensure that drug-induced enhancement of AV 
conduction does not allow a ventricular rate beyond physiologically 
acceptable limits. 

The effect of Norpace-is presently uncertain in patients with sick sinus 
syndrome, Wolff-Parkinson-White syndrome, or bundle branch block. 


Searle Laboratories 


SEARLE Division of G. D. Searle & Co. 


Box 5110, Chicago, Illinois 60680 


Patients with myocarditis or other cardiomyopathy may develop sig- 
nificant hypotension in response to the usual dosage of Norpace 
(disopyramide phosphate). 

Norpace should be administered cautiously to patients who are receiv- 
ing or who have recently received other antiarrhythmic drugs. Excessive 
widening of the QRS complex and/or prolongation of the Q-T interval 
may occur in such instances. 

Norpace dosage snould be reducec in patients with impaired renal or 
hepatic function and the electrocardiogram carefully monitored for signs 
of overdosage. 

Antiarrhythmic drugs may be ineffective in patients with hypokalemia. 
Therefore, any potassium deficit shouid be corrected before instituting 
Norpace therapy 
Use in Pregnancy and Lactation: Safe use in pregnancy has not been 
established. Norpace has been reported to stimulate contractions of the 
pregnant uterus. The use of Norpace in pregnant women requires that 
the potential benefit be weighed against possible hazards to the fetus. 

It is not known whether disopyramide is excreted in human milk. How- 
ever, studies in rats have shown that the concentration of disopyramide 
and its metabolites is up to three times greater in milk than in plasma. If 
use of the drug is deemed essential, an alternate method of infant feeding 
should be instituted. 

Labor and Delivery: The effects of Norpace on the fetus during delivery 
or on the course of labor and delivery are unknown. 

Pediatrics: The safety and effectiveness of Norpace in children have not 
been established. 


Adverse Reactions: Anticholinergic: dry mouth, urinary hesitancy, con- 
stipation, blurred vision, dry nose/eyes/Ahroat, urinary retention. 
Genitourinary: urinary frequency and urgency. Gastrointestinal: nausea, 
pain/bloating/gas. anorexia, diarrhea, vomiting. General: nervousness, 
dizziness, general fatigue/muscle weakness, headache, malaise. Car- 
diovascular: hypotension, congestive heart failure, cardiac conduction 
disturbances, edema/weight gain, shortness of breath, syncope, chest 
pain. Dermatologic: generalized rash/dermatoses. The following have 
occurred, but a causal relationship is uncertain: impotence, depression, 
insomnia, hypoglycemia, dysuria. Acute psychosis and cholestatic jaun- 
dice, both reversibie, have been reported. 


Dosage and Administration: Dosage must be individualized for each 
patient on the basis of response and tolerance. The usual adult dosage is 
400 to 800 mg per day given in divided doses four times daily. The rec- 
ommended dosage schedule for most acults is 150 mg every six hours. 
For patients weighing less than 110 pounds (50 kg) the recommended 
dosage is 100 mg every six hours. 

If rapid control of arrhythmia is essential, an initial loading dose of 300 
mg of Norpace (200 mg for patients weighing less than 110 pounds) is 
recommended. For patients with cardiomyopathy or possible cardiac 
decompensation, a loading dose should not be given and the initial dose 
limited to 100 mg every six hours, with subsequent dosage adjustments 
made gradually under close monitoring. 

See current complete prescribing information for dosage rec- 
ommendations. 


How Supplied: Capsules containing 100 mg or 150 mg of disopyramide 
base. Available in bottles of 100 capsules. 
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unW TO DIY 

AN INTEGRATED 

STRESS TEST SYSTEM 
THAT WON'T RUIN 

YOUR BUDGET! 


trom the people who designed 
the Quinton Íreadmill!/ 












Ba 


- 
- 
- 
a 
- 
- 
(o 
= 
- 
mE 
c 
- 
m" 
a 
= 
- 
-— 
- 
-— 
= 
~ 


i 
| 
l 


QNS 
x 





Y / 
QUINTON “a 


INSTRUMENT CO. BEAT 


THE SYSTEM! 








BUY IT FROM 
THE PEOPLE WHO BROUGHT 
REPEATABILITY AND PRECISION 
TO STRESS TESTING 


..the people who designed the unbeatable system! 


The name Quinton has long been the hall- 
mark in the design and manutacture of 
treadmills for use in controlled exercise. 
Now, with the Model 633 three channel 
stress test monitor, Quinton offers a total 
system to make controlled stress testing ac- 
curate, repeatable and economical. 


The Quinton system makes it possible for a 
stress testing laboratory, clinic or hospita! 
to initiate a sophisticated test program with a 


moderate investment. 


The Quinton system includes a time-tested 
Quinton Treadmill. There is a model avail- 
able for virtualiy every application — all 
featuring the Quinton-pioneered endless 
nylon belt and "no-jerk" speed control. The 
treadmill is teamed with the Model 633 stress 
test monitor, with its advanced standard 
features and "plug-in" options. Together, they 
create the unbeatable system! 


FEATURES OF THE MODEL 633 


e Three channel non-fade scope with write- 
from-memory capability 


e Three channel ECG recorder with contin- 
uous output for signal analysis 


e Automatic 12-lead rotation for testing 


ECGs 


e Low noise, shielded patient cable for 
optimum results during exercise 





INSTRUMENT CO. 


e Scope displayed digital heart rate meter 

e Plus a sturdy, attractive control console 
which provides room to expand test 
capabilities with easy "plug-in" optional 
features such as ECG data computer... 
S-T computer... defibrillator...and auto- 
matic exercise control programmer which 
regulates both slope and speed auto- 
matically to meet your protocol needs. 









2121 TERRY AVENUE/SEATTLE, WA 98121/(206) 223-7373 
TELEX: 328840/IN U.S. CALL TOLL FREE (800) 425-0538 


YOU CAN'T BEAT THE SYSTEM 


Sir lsaac Newtons 


| question, to 


That same special ability has brought Intermedi 
de Eire d icai echada 








j ‘Sir Isaac Newton’s introduction of the concept of 


- gravity immensely enriched man’s understanding — 
f and control —of his world. Similarly, the CyberLith 
- pulse generator gives you, the physician, unprece- 
- dented control of pacemaker therapy for the individual 
- patient. With the CyberLith, pacemaker functions can 
E be adjusted precisely and titrated to an exact prescrip- 
- tion for each patient. 


The CyberLith offers: 

1 e 15 pacing rates 

© © 15 pulse widths 

_ © 7 sensitivity levels 

| © 3 operating modes plus 
‘advanced telemetric circuitry 
a detailed, non-invasive 
performance monitoring. 
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‘Maximum responsiveness to varying 

patient needs with fifteen pacing rates. 

The OyberLith pulse generator can be programmed to 
a pacing rate appropriate to virtually any pacemaker pa- 





tient case. Your patients are individuals with individual 


eee 


Tate requirements that can and do change with 





m ram 

time. "The OyberL ith pacemaker’s fifteen rates, from 30 
to 120 bpm, offer you maximum versatility in meeting 
individual patient needs. 

É 


Vital flexibility 
with a range of fifteen pulse widths. 
A choice of pulse widths from 0.15 to 2.29 msec assures 


effective pacing for each patient. Variations in optimal 
pulse width may occur as a result of the change from 
acute to chronic stimulation threshold levels. Other var- 
iations may be due to mvocardial fibrosis, drug therapy 
regimens, or electrode type and position. With the 
CyberLith, battery longevity can be maximized 

through selection of the shortest pulse width needed 


to ensure adequate capture. 


"Fine-tuning" control 

with a choice of seven sensitivity levels. 

The CyberLith makes possible precise sensitivity ad- 
justments in response to different clinical situations. For 
example, if T-waves or other artifacts are being sensed to 
the detriment of proper system functioning, the Cyber 
Lith pacemaker's sensitivity can be reduced to a more 
desirable level. Conversely, inadequate or inconsistent 
sensing of the ORS complex may be corrected by 
increasing the programmed sensitivity. 


Unique versatility: three pacing modes. 
The CyberLith may be programmed to the mode best 
suited to your patient's condition and environment. You 
may choose among three pacing modes: 

—R-wave inhibited (demand) 

—asynchronous (fixed-rate) 

—R-wave synchronous (demand) 
Thus the CyberLith may be reprogrammed in response 
to indications for a different pacing mode, without the 
need for surgical intervention. 


Telemetric communication 

with the implanted pacemaker system. 

The CyberLith pacemaker’s exclusive telemetry feature 
permits you to ascertain the precise status of the implanted 









CyberLith 


Multi-Programmable 
C-MOS Model 253-01 | 






Intermedics Inc. 
FREEPORT, TEXAS 


system to a degree never before possible. 

— battery voltage 

—battery impedance 

—electrode lead impedance 

— exact timing of sensing and pacing events 
can all be determined simply, for detailed evaluation 
of pacer operations. In addition, CyberLith telemetry 
makes possible more accurate estimation of the remain- 
ing service life of the unit. 


Big features in a small package, 

through microminiaturized circuitry. 

The CyberLith packs a multiplicity of programming 
features into a remarkably small pulse generator. One 
reason this can be achieved is the use of a custom com- 
plementary metal-oxide-semi-conductor (c-mos) inte- 
grated circuit. This *chip" has been specially developed 
by Intermedics for use in the CyberLith and represents 
state-of-the-art semiconductor technology. The c-mos 
circuitry reduces the total number of components and 
simplifies the design of the CyberLith. The result is an 
unprecedented range of programmable pacing parame- 
ters with remarkably low power consumption. 


Fail-safe programming at your fingertips. 
Advanced design concepts have been incorporated 
into the programming system to ensure safe, trouble-free 
operation. 





Intermedics’ custom com- 


plementary metal oxide 


circuit magnified approx- 
imately [1 times. 
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Actual size of comos “chip” as it is 
employed m the CyberLith 


—The programmer is portable and uses rechargeable 
batteries to prevent unwanted electrical noise and 
other complications common to line-powered 
instruments. 

— Programmable features may be altered individually 
or simultaneously. 

— Accidental reprogramming is virtually impossible, 
thanks to the precise state-of-the-art crystal 
oscillator technology in combination with pulse- 
position-modulated, binary coded data security. 

—A unique feature permits immediate reprogram- 
ming to original nominal pacer parameters by de- 
pressing a single button on the programmer panel. 

These characteristics make the CyberLith programming 
system easy to use, and provide an added margin of 
safety for you and your patient. 


The CyberLith— it’s making history. Now. 
Your Intermedics representative can provide you with 
additional information on the many other advantages of 
CyberLith therapeutic pacing, such as amazingly 
compact size, redundant oscillator circuitry and positive 
confirmation of reprogramming. 

At Intermedics, we are producing tomorrow's technol- 


ogy today, because OUR BUSINESS IS LIFE. 
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Free limited-edition print offer from 
Intermedics, Inc. 

The Newton watercolor, by artist Ron Adair, is first in a series 
commissioned by Intermedics. The original work hangs in 
Intermedics’ corporate headquarters. A limited-edition print, 
numbered and signed by the axtist and suitable for framing, is 
being made available by Intermedics to physicians only. Please 
write to Marketing Administration, Intermedics, Inc., PO. 
Box 617, Freeport, Texas 77541. 


Note: The CyberLith is currently undergoing clinical evalua- 
tion and is not routinely available on a commercial basis. 


©Copyright Intermedics, Inc. 
CyberLith is a trademark of Intermedics, Inc., Freeport, Texas, 


ee 
lntermedics Inc. 


PO. Box 617 Freeport, Texas 77541 
Tel: (713) 233-8611 


Our business is life. 





Intermedics Pulse Generators 
INDICATIONS FOR USE Implantable cardiac pulse generators 


may be indicated for long-term treatment of impulse formation or 
conduction disorders resulting in symptomatic bradyarrhythmias, 
tachyarrhythmias, and heart block unresponsive to drug therapy. 


PRECAUTIONS Implanted pacemakers have a finite and relatively 
widely variable service life as a result of factors such as the initial capacity 
of the battery and the shelf storage time of the manufactured pacemaker; 
variations in electrode system resistances, stimulation rate, and the per 
centage of time the implanted pacemaker is inhibited; and random elec- 
tronic component failures. 

Pacemaker operation can be influenced by electric, magnetic, or elec- 
tromagnetic energy mimicking normal cardiac activity. In addition, cer- 
tain environmental sources can couple sufficient energy into a pacemaker 
system to damage the pulse generator. Specifically, diathermy should not 
be used on pacemaker patients because of possible total inhibition of the 
pulse generator; electrocautery can inhibit and/or damage the pacemaker 
as well as cause burns or possible ventricular fibrillation; defibrillation can 
damage the pacemaker, and the presence of the pacemaker may cause in- 
creased cardiac muscle damage from defibrillation. Microwave ovens that 
do not exceed federal guidelines for leakage (0.5 mW/cm? at 2.5 cm from 
the appliance) will not affect the pacemaker, but leakage in excess of that 
amount may cause interference. Certain electrical and gasoline-powered 
appliances can cause inhibition of an implanted cardiac pacemaker 
system. 

For complete precautions, see the Physician’s Manual for the Inter- 
medics cardiac pulse generator to be used. 


CONTRAINDICATIONS AND SIDE EFFECTS There are no 
known contraindications to the use of pacemakers as a medical method 
for control of heart rate. Body rejection phenomena, local tissue 
reaction or skin necrosis, muscle and nerve stimulation, embolism, and 
cardiac tamponade have been reported. 










‘Acritical | 





criteria in choosing. 
a Holter service 


Before you select a Holter service, make 
sure it meets these 4 important stand- 
ards. Telemed does! 


4. Technician Specialization. 
Scanning a long term ECG tape is a spe- 
cialty requiring intense concentration. 


Telemed makes sure this concentration 
is not disturbed. Holter monitoring is the 
only responsibility our Holter technicians 
have. This not only sharpens their focus, 
but also better enables them to spot 
meaningful events, morphologic 
changes, amhythmias, even slight ab- 
nomialities. 

2. Non-Fatiguing Technician 
Workload. 

Volume is important to any Holter scan- 
ning service, but Telemed never puts 
quantity ahead of quality. Telemed's 


"Always Alert" Policy limits the number 
of tapes a Holter technician can scan 
per day. This minimizes fatigue, so 
technicians are more alert, ready to 
recognize changes no matter how slight. 


3. Emergency Alert. 

Telemed provides a double assurance 
that you are notified immediately if any 
life threatening abnormalities appear. 
Double assurance because both the 
Holtertechnician and a staff cardiologist 
review each scan for events which re- 
quire your immediate attention. You are 
notified at once when such events are 
spotted. 

4. Continuous Dual-Channel 
Equipment. 

The Telemed Holter Scanning Service 
features state-of-the-art, continuous 
dual-channel monitoring equipment for 
greater reliability in arrhythmia detection 






and in the diagnosis of CORN atey | 
disease. E & 


Telemed's Holter Scanning Service in- - 
cludes tapes, patient diaries, mailers, - 
service and maintenance. Plus Telemed — E 
trains your personne! at no extra charge. - 
For full details on how Telemed Holter 
Scanning can help you help your E 


patients, call or write Telemed today. 


Telemed's Holter Scanning Service - ; 
meets all four crucial standards. 


- 






CORPORATION 


2345 Pembroke Avenue 
Hoffman Estates, IL 60495 
312/884-5900 
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COUMADIN : 


"CRYSTALLINE 


FOR ORAL ANTICOAGULATION 


Prophylactic Use 


A number of cardiac syndromes can predis- 
pose patients to thromboembolic episodes. 
The greatest threat of thromboembolism, 
however, exists in patients with a history of 
Obesity, excessive cigarette smoking or pre- 
vious episodes of venous thrombosis or 
pulmonary embolism. Postoperative patients 
requiring extended immobilization and the 
elderly are at high thromboembolic risk as are 
the severely injured — particularly those over 
40 years with fractures of the hip, pelvis or 
lower extremities — and patients undergoing 
elective cup arthroplasty or pelvic surgery 


Emphasis should be placed on prophylaxis 
for those patients predisposed to thromboem- 
bolism. The oral anticoagulant of choice is 
COUMADIN® (crystalline sodium warfarin 
USE) 


The oralanticoagulant 


Therapeutic Use 


For established thromboembolism, adminis- 
tration of I.V. heparin followed by oral anti- 
coagulant therapy is a cornerstone of treat- 
ment. COUMADIN® a chemically pure oral 
anticoagulant with high predictability of re- 
sponse, is a mainstay of effective therapy. 


Dosage and Administration 


In patients receiving COUMADIN® prothrom- 
bin time should be maintained at 1.5 to 2.5 
times the control until results stabilize. Dosage 
and administration should be individualized 
according to prothrombin time results and 
reevaluated periodically throughout therapy. 


Patients should be well informed about their 
condition and medication, since factors such 
as dietary change, travel, other medication, 
change in physical condition and abrupt 
environmental change may influence pro- 
thrombin time and, therefore, response to 
COUMADIN® 


~~ COUMADIN 


(CRYSTALLINE SODIUM WARFARIN USP) 


Before prescribing, please see prescribing 
information on following page. 


-COUMADIN® is an Endo registered U.S. trademark; 


U.S. Pat. No. 3,077,481 (Reissue No. 25;866) 


Endo Laboratories, Inc. 


Subsidiary of E.I. du Pont de Nemours & Co. (Inc.) 
Garden City, N. Y. 11530 
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ACTIONS 


. After oral administration, absorption is essentially complete, and maximal plasma concentrations are 
. reached in 1 to 9 hours. Approximately 97% is bound to albumin within the plasma. COUMADIN® 
.. usually induces peers Lolnilerinr in 36 to 72 hours, and its duration of action may persist for 4 to 

jucing a smooth, long lasting response curve. Little is known of the metabolic 


ays, thus pr 


. § days, thus 
SX pathways involved in the biotransformation of oral anticoagulants in man. However, their metabolites 
.  . appear to be eliminated principally in the urine. 


; INDICATIONS Based on a review of this drug by the National Academy of Sciences-National 
Research Council and/or other information, FDA has classified the indications as follows: 




























F Effective: COUMADIN® is indicated for the prophylaxis and treatment of venous thrombosis 
z and its extension, the treatment of atrial fibrillation with embolization, the prophylaxis and 
B. treatment of pulmonary embolism, and as an adjunct in the treatment of coronary occlusion. 
= | Possibly" effective: as an adjunct in the treatment of transient cerebral ischemic attacks. 
__|__ Final classification of the less-than-effective indication requires further investigation. 
i ARER CONTF INDI CAI IONS Anticoagulation is contraindicated in any localized or general physical condition 
nut a bersonal circumstance in which the hazard of hemorrhage might be greater than its potential clinica: 
| Pregnanc —COUMADIN® (crystalline sodium warfarin) is contraindicated in pregnancy because the 
|. drug passe through the placental barrier and may cause fatal hemorrhage to the fetus in utero. Fur- 
= thermore, there have been reports of birth malformations in children born to mothers who have been 
ata with Mane durin egnan; Women of childbearing potential who are candidates for 
ee gulant therapy should be carefully evaluated and the indications critically reviewed with the 


- . patient. If the patient becomes pregnant while taking this drug, she should be apprised of the potentia! 
2) OY pacer Ye fetus, and the possibility of termination of the pregnancy should be discussed in light ot 
.. . mosersks. — 

-Hemorrhagic tendencies or blood dyscrasias. Recent or contemplated WU of: (1) central nervous 
|... System; (2 FS Bue surgery resulting in large open surfaces. Bleeding tendencies asso- 

.  Ciatet with active ulceration or overt bleeding of: (1) gastrointestinal, genitourinary or respiratory 
tracts; i ) cerebrovascular hemorrhage; (3) aneurysms-cerebral, dissecting aorta; (4) pericarditis and 
~ pericardial effusions; (5) subacute bacterial endocarditis. Threatened abortion, eclampsia and pree- 

~ - clampsia. Inadequate laboratory facilities or unsupervised senility, alcoholism, psychosis; or lack of 

E d pine inei Spinal puncture and other diagnostic or therapeutic procedures with potential for 

.  .. -uncontrollable bleeding. Miscellaneous: polyarthritis, vitamin C deficiency, major regional, lumbar 
block anesthesia and malignant hypertension. 

WARNINGS Sodium warfarin is a potent drug with a half-life of 2% days; therefore its effects may 
- become more pronounced as daily maintenance doses overlap. It cannot be emphasized too strongly 
.  . that treatment of each patient is a highly individualized matter. Dosage should be controlled by periodic 

= determinations of prothrombin time or other suitable coagulation tests. Determinations of whole blood 

Clotting and bleeding times are not effective measures for control of therapy. Heparin prolongs the one- 

— . Stage prothrombin time. Therefore, to obtain a valid prothrombin time when heparin and COUMADIN® 
n-' Qa ovt UN a period of 4 to 5 hours should elapse after the last intravenous dose and 12 to 24 

AE hours after the last subcutaneous dose of heparin, before blood is drawn. 


S Caution should be observed when sodium warfarin is administered in any situation or physical condi- 

E ~ A tion where added risk of hemorrhage is present. 

=, Administration of anticoagulants in the following conditions will be based upon clinical judgment in 
» which the risks of anticoagulant therapy are ee against the risk of thrombosis or embolization in 
= untreated cases. The following may be associated with these increased risks: 

ta ~ Lactation—coumarins may pass into the milk of mothers and cause a prothrombinopenic state in the 

Es nursi ME dietary deficiency (cachexia, vitamin K). Severe to moderate hepatic or 
renal insuttici y. Infecti 





ial insufficiency. ous diseases or disturbances of intestinal flora-sprue, antibiotic therapy. 
Trauma which may result in internal bleeding. Surgery or trauma resulting in large exposed raw sur- 
AX faces. Indwelling catheters. Severe to moderate hypertension. Miscellaneous: polycythemia vera, 
ee vasculitis, severe diabetes, menometrorrhagia, allergic and anaphylactic disorders. 


Patients with congestive heart failure may become more sensitive to COUMADIN®, thereby requiring 
more frequent laboratory monitoring, and reduced doses of COUMADIN *. 
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Es UM Periodic determination of prothrombin time or other suitable coagulation test is 
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; state and medication may influence response of ed cnin to anticoagulants. It is generally good 
ret prac ice to monitor the patient's sy tte with additional prothrombin time determinations in the 
~ period immediat rom the hospital, and whenever other medications are initia- 
~ Other factors may also affect the prothrombin response. 
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= ENDOGENOUS FACTORS: Carcinoma; collagen disease; congestive heart failure; diarrhea; elevated 
|... temperatufe; hepatic disorders-infectious hepatitis, jaundice; poor nutritional state; vitamin K defi- 
|... ciency-steatorrhea. 

= EXOGENOUS FACTORS: Alcoholt; allopurinol; aminosalicylic acid; anabolic steroids; antibiotics; bro- 
. melains; chloral hydratet; chlorpropamide. le Li cinchophen; clofibrate; COUMADIN® over- 
- dosage; dextran; dextrothyroxine; diazoxide: dietary deficiencies; diureticst: disulfiram; drugs affecting 
— . blood elements; eye ada; glucagon, hepatotoxic drugs; indomethacin; inhalation anesthetics; 
~ mefenamic acid; methyldopa; methylphenidate; metronidazole; monoamine oxidase inhibitors; nalidixic 
= acid; oxolinic acid; oxyphenbutazone; phenylbutazone; phenyramidol; prolonged hot weather; pro- 
longed narcotics; quinidine; quinine; salicylates; sulfinpyrazone; sulfonamides, long acting; thyroid 
pina Aene, triclofos sodium; trimethoprim/sulfamethoxazole; unreliable prothrombin time 

minations. 
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- . ENDOGENOUS FACTORS: Diabetes mellitus; edema; hereditary resistance to coumarin therapy; hyperli- 
of pemia; hypothyroidism. S nS 


i i 1 
— . “Presentas crystalline sodium warfarin isopropanol clathrate. 
pus Licence by Wieconsin Alum ASEDA CI Voukdaliqn. 
—  . U.S. Pat. No. 3,077,481 (Reissue No. 25,866) — Mos 
- . COUMADIN® is an Endo Registered U.S. Trademark. 
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Coumarins also affect the action of other drugs. Hypoglycemic agents (chlorpropamide and tolbu- 
tamide) and anticonvulsants (diphenylhydantoin and phenobarbital) may accumulate in the body as a 
result of interference with either taeir metabolism or excretion. 


ADVERSE REACTIONS Potential side effects of COUMADIN® (crystalline sodium warfarin) include: 


1. Minor or major hemorrhage from any tissue or organ-which is an extension of the physiologic activ- 
ity of prothrombinopenia. The signs and symptoms will vary according to the location and degree or 
extent of the bleeding. Therefore the possibility of hemorrhage should be considered in evaluating the 
condition of any anticoagulated patient with complaints which do not indicate an obvious diagnosis. 
Bleeding during anticoagulant therapy does not always correlate with prothrombin activity. (See TREAT- 
MENT FOR OVERDOSAGE.) 


Bleeding which occurs when the prothrombin time is within the therapeutic range warrants diagnostic 
investigation since it may unmask a previously unsuspected lesion, e.g. tumor, ulcer etc. 
2. Side effects other than hemorrhage are infrequent and consist of alopecia, urticaria, dermatitis, 
fever, nausea, diarrhea, abdominal cramping, a syndrome called “purple toes, ' hypersensitivity reac- 
tions and an extremely rare reaction consisting of hemorrhagic infarction and necrosis of the skin. 


DOSAGE AND LABORATORY CONTROL The aim of anticoagulant therapy is to impede the coagulation 


or clotting mechanism to such an extent that thrombosis will not occur, but at the same time egal 2 


such extensive impairment as might produce spontaneous bleeding. Effective therapeutic levels w 


minimal complications can best be achieved in cooperative and well-instructed patients, who keep the - 


doctor afonja of their status between visits. COUMADIN® patient aids are available to physicians on 
request. 

The administration and dosage of COUMADIN * must be individualized for each patient according to the 
particular patient's sensitivity to the drug as indicated by the prothrombin time. The prothrombin time 


reflects the depression of vitamin K dependent Factors VII, X and Il. These factors, in addition to Factor - 


IX, are affected by coumarin’ anticoagulants. There are several modifications of the Quick one-stage 
eb ca time and the physician should become familiar with the specific method used in his 
aboratory. 


Administration of COUMADIN® should be gauged according to prothrombin time determinations by a 
suitable method. The blood prothrombin time should usually be determined daily after the administra- 
tion of the initial dose until prothrombin time results stabilize in the therapeutic range. Intervals 
between subsequent prothrombin t me determinations should be based upon the physician's judgment 
of the patient's reliability and response to warfarin in order to maintain the individual within the thera- 
peutic range. Acceptable intervals *or prothrombin time determinations have usually fallen within the 
range of one to four weeks. Satisfectory levels for maintenance of therapeutic prothrombinopenia are 
1¥e to 2% times the normal prothrombin time (e.g. 21 to 35 seconds, with a control of 14 seconds). 


Induction-40 to 60 mg for average adult or 20 to 30 mg for elderly and/or debilitated patients for one 
dose only administered orally, intravenously or intramuscularly. 


Maintenance- Most patients are satisfactorily maintained at a dose of 2 to 10 mg daily. Flexibility of 
dosage is provided by breaking scored tablets in half. The individual dose and interval should be gauged 
by the patient's prothrombin response. 


Duration of therapy- The duration of therapy in each patient should be individualized. In general, 
anticoagulant therapy should be conzinued until the danger of thrombosis and embolism has passed. 


Treatment during dentistry and surgery- The management of patients who undergo dental and surgical - 
procedures requires close liaison between attending physicians, surgeons and dentists. Interruption of 
anticoagulant therapy may precipitate thromboembolism, and conversely, if anticoagulants are main- 
tained at full doses, some patients may hemorrhage excessively. If it is elected to administer anticoagu- 


lants prior to, during, or immediately following dental or surgical procedures, it is recommended that - 


the dosage of COUMADIN® be adjusted to maintain the prothrombin time at al aE is 1% to 2 
times the control level. The operative site should be sufficiently limited to permit the effective use o 


local procedures for hemostasis including absorbable hemostatic agents, sutures, and pressure dress- - 


ings if necessary. Under these conditions dental and surgical procedures may be performed without 
undue risk of hemorrhage. 

COUMADIN * with Heparin—Since a delay intervenes between the administration of the initial dose and 
the therapeutic prolongation of prothrombin time, it may be advisable in situations of great emergency 
to administer sodium heparin initially along with COUMADIN®. The initial dose of heparin and injectable 
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COUMADIN * may be administered together in the same syringe.: It should be noted that heparin may — 


affect the prothrombin time, and therfore, when patients are receiving both heparin and COUMADIN *, 
the blood sample for prothrombin time determination should be drawn just prior to the next heparin - 
dosage, and preferably 4 to 5 hours after the last intravenous injection or 12 to 24 hours after the last 
subcutaneous injection. 

TREATMENT FOR OVERDOSAGE Excessive prothrombinopenia, with or without bleeding, is readily 
controlled by discontinuing COUMACIN® (crystalline sodium warfarin), and if necessary, the oral or 
parenteral administration of vitamin K1. The appearance of microscopic hematuria, excessive menstrual 
bleeding, melena, petechiae or oozing from nicks made while shaving are early manifestations of 
hypoprothrombinemia beyond a safe end satisfactory level. 

In excessive prothrombinopenia with mild or no bleeding, omission of one or more doses of 
COUMADIN * may suffice; and if necessary, small doses of vitamin K+ orally, 2.5 to 10 mg, will usually 
correct the problem. 

If minor bleeding persists, or progresses to frank bleeding, vitamin K: in doses of 5 to 25 mg may be 
given parenterally. (Please note recommendations accompanying vitamin K preparations prior to use.) 
Fresh whole blood transfusions shoulc be considered in cases of severe bleeding or prothrombinopenic 
states unresponsive to vitamin Kı. 


Resumption of COUMADIN® administration reverses the effect of vitamin Kı, and a therapeutic 3! 


hypoprothrombinemia level can be obtained. 
SUPPLIED Tablets: COUMADIN® (crystalline sodium warfarin). For oral use, ame scored, imprinted 
numerically with potency as follows: 2 mg lavender, 2Ve mg orange, 5 mg peach, 7'e mg yellow, 10 
mo white, 25 mg red. In bottles of 100 and 1000. Also available in Hospital Unit-Dose blister package of 


Injection: Available as single injection units of amorphous sodium warfarin lyophilized for intravenous 
or intramuscular use in a box of 6 units for use immediately after reconstitution. 50 mg: Unit consists 
of 1 vial, 50 mg; sodium chloride, 10 mg; thimerosal, 0.2 mg. pH is adjusted with sodium hydroxide; 
accompanied by a 2 ml ampul Sterile Water for Injection. 


Sterile Water for Injection contains no antimicrobial or other substance, and it is not suitable for 
intravascular injection without first having been made approximately isotonic by the addition of a suit- 
able solute. Use only for reconstitution of the lyophilized product. 


Endo Laboratories, Inc. 


Subsidiary of E.l. du Pont de Nemours & Co. (Inc.) 
Garden City, N.Y. 11530 


Printed in U.S.A. 





6037-10 
EDO-046C- ¢ = a). : March, 1977 - 

v x ut 2 4 TY mE As 4 
artem oo a ELS LI isa atc 


A 


4 






-EXPERIMENTAL STUDIES 


- Hypoxic Heart Muscle 


—  — WINIFRED G. NAYLER, DSc 

| CARMEN E. YEPEZ, MD 

ELISABETH FASSOLD, M Pharm 
ROBERTO FERRARI, MD 


London, England 


From the Cardiothoracic Institute, University 

of London, London, England. This study was sup- 

ported by grants from The Medical Research 

Council of Great Britain, London, England and The 

4 Wellcome Foundation, London, England. Manu- 

script received September 28, 1977; revised 

manuscript received February 22, 1978, accepted 
March 22, 1978. 

Address for reprints: Winifred G. Nayler, DSc, 

_ Cardiothoracic Institute, 2 Beaumont Street, 

.... London, W1N 2DX, England. 


 Prolonged Protective Effect of Propranolol on 


To assess whether the in vivo administration of propranolol protects heart - 
muscle against the deleterious effects of hypoxia and to establish how — 
long the protection persists after cessation of therapy, rabbits were given 
propranolol, 2.0 mg/kg subcutaneously twice daily for 5 to 6 days. This 
dose regimen was used to provide plasma levels comparable with those 
obtained clinically. The hearts were isolated and perfused under either « 
aerobic (partial pressure of oxygen [PO;] greater than 600 mm Hg) or - 
hypoxic (PO; less than 6 mm Hg) conditions. Heart rate was kept LE 
Coronary effluent was collected and assayed for creatine kinase (CK) 7 
activity and myoglobin content. Resting and peak systolic tension was x 
monitored and, after 60 minutes of perfusion, the mitochondria were — 
harvested and assayed for respiratory activity (atoms oxygen used/mg E 
mitochondrial protein per min [QO.], respiratory control index [RCI] and — 
nmol adenosine diphosphate used/n atoms oxygen consumed [ADP/O; A 
ratio]) and Ca* *-accumulating activity. The control rabbit hearts re- - 
sponded to the hypoxia-perfusion state with release of CK and myoglobin — 
and an increase in resting tension. Mitochondrial QO; and RCI were sig- - st 
nificantly depressed. Mitochondrial Ca**-accumulating activity was - 
enhanced. The propranolol-treated rabbit hearts were protected in that 
they released CK and myoglobin more slowly and had a lower rate of rise 

of resting tension. Mitochondrial respiratory activity (QO5 and RCI) was - 
also better maintained, and the mitochondria accumulated Ca** at a - 
relatively slow rate. This protective effect of propranolol pretreatment. 
was not accompanied by a changed tissue level of adenosine triphosphate, - 
creatine phosphate or glycogen. 

The protective effect of propranolol persisted for up to 72 hours after 
the last dose of propranolol, and hence was present when beta adreno- © 
ceptor blockade was no longer effective. These results support the nye b : 
pothesis that there may be secondary consequences of beta block- — R 
ade. A» 

* 

EM 

In previous studies,!-? we found that the acute in vitro administration | à 

of racemate propranolol protects adult heart muscle against some of the 

deleterious consequences of hypoxia. This evidence of protection was 

provided by reduced rates of enzyme leakage (creatine kinase [CK]),! 

a slowed rate of rise of resting tension? and the preservation of mito- - b. 
chondrial function.? The following experiments were undertaken to 
establish (1) whether a similar protective effect of propranolol can be | 
detected after in vivo administration, and (2) how long the protection - 

persists after cessation of therapy. E. 

Methods | | E E. 


Adult (2.5 to 3.0 kg) male New Zealand White rabbits were used. The Ee 
rabbits (no. = 174) received 1 mg/kg of 0.9 percent sodium chloride | 
solution subcutaneously, twice daily, and the others 2.0 mg/kg of racemate - 
propranolol (no. = 288) subcutaneously, twice daily, for the same period of time. 3 


EU 
^3 
PA 













a 


Auaust 1978 The American Journal of CARDIOLOGY Volume42 217  — 


"uu TW 
TECTION 0 ) F HYPOXIC HEART MUSC 
ue a dar eir OMS — 


* >. : ` AT) 
^ "d h $ 1 i | 7 x => " ul S FP ^ ^ 4 
th E « i . x . Pyke whe 
* i": ~ 
k j 4 + b 






= 






a d qu S's * VER fa at 
CLE} Y AY R P E. CY 
E TEN 


iis |). PT 
rt a LE 


x* " 
ies: Lid b 


This Sonate regimen lua teen ‘dows to RER Sma; levels - 


comparable with those observed clinically. Treatment Was 


E given for 5 or 6 days to ensure effective beta adrenoceptor 
| . blockade. "The rabbits used for a particular experiment were 
. chosen at random from the treated pool irrespective, unless 
Ri odiorsise stated, of whether they had been treated with pro- 
| x  pranolol for 5 or 6 days. 
~ Perfusion of hearts: The rabbits were fed as desired on 
-a standard diet of water, cabbage leaves and Short Gamage 
_ IV diet. When required each rabbit was stunned by a blow on 
.. the head. The heart was rapidly removed and rinsed in an 
 ice-cold modified Krebs-Henseleit buffer? containing (in 
. millimolar) sodium chloride 115.0, sodium bicarbonate 25.0, 
T . potassium chloride 4.0, potassium biphosphate 0.9, magne- 
E . sium sulfate 1.1, calcium chloride 1.5 and glucose 11.0, and 
. equilibrated with 95 percent oxygen and 5 percent carbon 
_ dioxide. After the extraneous fat and connective tissue were 
i E . removed, the hearts were perfused with the nonrecirculating 
v. 4 E lasqundott technique, using buffer solution? equilibrated 
with 95 percent oxygen and 5 percent carbon dioxide and 
. warmed to 37? C. The buffer solution was delivered to the 
. aortic cannula? by means of a two-way stopcock at a perfusion 
p. ressure of 60 to 80 mm Hg, maintained with a Watson Mar- 
I low (MHRE MK3, Marlow, Buckinghamshire, United 
i . Kingdom) rotary pump and monitored, at the head of the 
- aortic inflow cannula, with a Statham P23Db transducer or 
La pressure 1 manometer. Cellulose acetate filters of 5.0 umolar 
4 pore size (Milliport Ltd., Bedford, Massachusetts) were in- 
— cluded in the perfusion line, and the ventricles were vented 
| to prevent any accumulation of fluid. 
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of propranolol 


FIGURE 1. Effect of twice daily subcutaneous injections of 2.0 mg/kg 
— . of propranolol for 5 or 6 days on hypoxia-induced release of creatine 
—. kinase (CK) in rabbit hearts. Each point is the mean + standard error 
5 (S.E.) of n experiments. The animals were killed 2, 48 or 72 hours after 
| E: the last injection. The hearts were paced at 140 beats/min, and the 






N: gap that occurred dung the preliminary period of aerobic perfusion. 
- Hypoxic conditions were introduced after the hearts had been perfused 
aerobically (PO. greater than 600 mm Hg) for 30 minutes. Control refers 
.  torabbits treated with saline solution (see wd) n = number of exper- 
. iments; p = prope ! 
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The es were seats aN 140 i Deren using supra- 


| threshold rectangular pulses of 1.0 msec duration delivered 


from a Tektronix square wave generator assembly by means 
of two electrodes, one attached to the metal inflow cannula 
and the other to the ventricular apex. 

Tension development was monitored as previously de- 
scribed? with a Grass FT03 transducer attached by a nylon 
ligature to the ventricular apex. The output from the trans- 
ducer was displayed on a Devices direct writing recorder (MX 
212) at a paper speed of 1 mm/sec. At the start of each ex- 
periment resting tension was adjusted until the developed 
tension reached its peak. This involved applying a resting 
tension of 2.86 + 0.3 g (mean + standard error of the mean, 
78 experiments). The increase in resting tension (described 
later) was calculated as the difference between the resting 
tension developed after a given period of time and this preset 
tension. The difference between the resting and peak devel- 
oped tension is referred to as peak systolic tension. 

After 30 minutes of perfusion with Krebs-Henseleit buffer 
solution gassed with 95 percent oxygen + 5 percent carbon 
dioxide (aerobic perfusion PO; greater than 600 mm Hg, 
measured with a Radiometer O» electrode, type E5046, Ra- 
diometer, Copenhagen, Denmark), the hearts were randomly 
divided into two groups. The hearts in one group were per- 
fused as described with aerobic Krebs-Henseleit solution (POs 
greater than 600 mm Hg) for another 60 minutes. The hearts 
in the second group were perfused as described for another 
60 minutes, but using hypoxic (PO; less than 6 mm Hg) sub- 
strate-free Krebs-Henseleit solution prepared by substituting 
mannitol for glucose and gassing with 95 percent nitrogen and 
5 percent carbon dioxide instead of 95 percent oxygen and 5 
percent carbon dioxide. 

Coronary effluent analysis: During the 90 minutes of each 
perfusion (30 minutes of equilibration followed by 60 minutes 
of experimental period), the coronary effluent was collected 
by timed collection into chilled glass vials and assayed, on the 
same day, for creatine kinase (CK) activity? and myoglobin 
content. CK activity was measured spectrophotometrically 
with a modification? of the method described by Oliver.9 The 
myoglobin in the coronary effluent was assayed spectropho- 
tometrically, at 410 nanometers. 

Mitochondrial function studies: At the end of some of the 
perfusion periods, the hearts were homogenized and their 
mitochondria harvested by homogenization and differential 
centrifugation as described by Sordahl et al.!° The composi- 
tion of the mitochondrial pellets was checked with electron 
microscopy, enzyme studies and, as previously described,? by 
repeated additions of adenosine diphosphate (ADP) during 
incubation at either 25° or 37°, as indicated by Lindenmayer 
et al.!! The oxidative phosphorylating activity of the mito- 
chondria was monitored polarographically (at 25? C) using 
a Clark O; electrode. The incubation medium contained 125.0 
millimolar potassium chloride; 12.5 millimolar Tris-HEPES 
(N-2-hydroxethylpiperazine) N'-2-ethanesulfonic acid) 
buffer, pH 7.2; 3.0 millimolar Tris pyruvate or glutamate (as 
substrate); 3.0 millimolar potassium biphosphate; 0.5 milli- 
molar ethylenediamine tetraacetic acid (EDTA); 2 percent 
dextran, 0.75 mg mitochondrial protein/ml and 0.25 millimolar 
ADP. Mitochondrial function was monitored? in terms of the 
ADP/oxygen ratio (nanomoles ADP used/n atoms oxygen 
consumed); QO» (n atoms oxygen used/mg mitochondrial 
protein/min) and RCI (respiratory control index, the ratio of 
oxygen used in the presence of ADP to that taken up after 
phosphorylation to ATP). Protein was determined by the 
Lowry method.!? The Ca**-accumulating activity of the 
mitochondria was monitored? using a DW 2 Aminco Bowman 
spectrometer at 507 to 542 nanometers and a reaction mixture 
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murexide; 3.9 micromolar rotenone; 10 to 100 micromolar 


-. Ca** and 250 to 300 micrograms mitochondrial protein/ml.!? 
These Cat+-accumulation studies were performed at 37? C 


— andthe mitochondria, unlike those used for the phosphoryl- 
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-. ation studies, were resuspended before use in an EDTA-free 


solution containing 180 millimolar potassium chloride and 0.5 
percent bovine serum albumin. 

Tissue CK and wet weight/dry weight analysis: To in- 
terpret the data from the CK release studies (Fig. 1), we 
needed to establish if propranolol pretreatment alters the total 


—— CK activity of the heart. To do this we used the extraction 
_ procedure described by Hearse and Humphrey" based on that 


of Sobel et al.15 Briefly, the hearts were excised, weighed and 
perfused for 30 minutes as described, using standard aerobic 
buffer with glucose, After a small sample of left ventricular 
wall (0.05 g) was taken for wet/dry weight analysis, the hearts 
were freeze-clamped (between stainless steel tongs precooled 
in liquid nitrogen) and powdered in a chilled percussion 


- mortar. The resultant powder was homogenized, extracted!^ 


and assayed, together with the coronary effluent, for CK ac- 
tivity.99 The tissue sample was dried at 100? C to constant 
weight, for the dry weight determination. 

Adenosine triphosphate (ATP), creatine phosphate and 
glycogen determinations: Because the hearts excised from 
the propranolol-treated rabbits were protected against the 
deleterious effects of hypoxia being studied (Fig. 1 to 6) and 
because this protection persisted after the beta blocking 


- properties of propranolol had disappeared, we examined 


whether the prolonged protection was accompanied by raised 


- tissue levels of ATP, creatine phosphate or glycogen. The 
hearts used for this purpose were perfused aerobically, as 


described, for 30 minutes. This schedule was adopted so that 
the ATP, creatine phosphate and glycogen content of the 
muscle would be measured when the hypoxia-perfusion con- 
ditions had been introduced. 

The perfusion of hearts in which ATP, creatine phosphate 
and glycogen levels were to be measured was terminated by 
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. freeze-clamping the hearts between large stainless steel tongs — 
precooled in liquid nitrogen. The frozen ventricular muscle — 


y - 


was powdered in a percussion mortar maintained at a tem- E 


perature of liquid nitrogen. Approximately 200 mg of the - 
frozen muscle was immersed in a precooled, preweighed tube — - 
containing 6 percent (volume for volume) perchloric acid and — 
assayed for ATP and creatine phosphate, as described by Opie _ 
et al.,!6 and for glycogen, as described by Bergmeyer." — —— 
Reagents: Analytical reagent grade chemicals were used - 


for the Krebs-Henseleit buffer solution, which was freshly h 
prepared daily. Racemate propranolol was obtained from 

















of propranolol 


FIGURE 2. Effect of twice daily subcutaneous injections of 2.0 mg/kg 
of propranolol for 5 or 6 days on hypoxia-induced release of myoglobin 
into the coronary effluent. The conditions of the experiment are as 
described for Figure 1. n = number of experiments; p = probability. . 
mM 
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FIGURE 3. Effect of twice daily subcutaneous injections 9 y YY PEN SR a 
of 2.0 mg/kg of propranolol on the increase in resting c E uo c 
tension induced by hypoxia. The rabbits were killed either — 4p 2 V ARA 
2 (A) or 24 (B) hours after the last dose of propranolol © no LEN 
had been given. Each point indicates the mean + stan- T E ¥ E 
dard error (S.E.) of 12 experiments. The hearts were 5 2 * r . AES 
electrically paced (140 beats/min), and the change in * > haa ; 
. resting tension caused by the hypoxia was calculated A I Ys / "IT 
relative to the resting tension developed during the pre- 0 à —— € MESA 
liminary period of aerobic perfusion. Hypoxic (PO; less T, LA | "ds pt TAN 
than 6 mm Hg) conditions were introduced at 0 on the N | es ^h oe 
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"o B induced changes in mitochondrial QO; (n atoms oxygen 
E x = 40 used/mg mitochondrial protein per min). Except for the 

E. | 20 nonperfused hearts (first bar), the hearts that were 
EL. isolated from these pretreated animals were perfused 
20 20 aerobically for 30 minutes and then under aerobic or 

© hypoxic and substrate-free conditions for 1 hour before 
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nificance of differences was calculated with Student's t test, 
_ taking P = 0.05 as the limit of significance. 
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Statistics: Results were expressed as mean + standard 


E^ error of the mean of n experiments, and the statistical sig- 
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A FIGURE 5. Effect of twice daily subcutaneous injections of 2.0 mg/kg 
— Of propranolol for 5 to 6 days on hypoxia-induced changes in mito- 


chondrial respiratory control index (RCI). The hearts that were isolated 


. from these pretreated rabbits were perfused as described for Figure 


E 4. Propranolol was not added to the perfusion circuit. P4 tests of sig- 
nificance relate to the significance of the change in RCI caused by the 
.. hypoxic perfusion, and the P; values to the significance of the protection 


A resulting from prior treatment with propranolol. n = number of separate 


. experiments made under the relevant conditions of perfusion; p = 


. probability; S.E. = standard error of the mean. 
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the mitochondria were isolated. Propranolol was not 
added to the perfusion circuit. P4 tests of significance 
relate to the significance of the change in QO, caused 
by the hypoxic perfusion, and the P? values to the sig- 
nificance of the protection resulting from the prior 
treatment with propranolol. The QO; activity was mea- 


P E sured as described in the text, using Tris-pyruvate or 
glutamate as substrate. p = probability; S.E. = standard 
*D«0-001 error of the mean. 


Creatine phosphate release: When isolated paced (140 
beats/min) adult rabbit hearts are perfused under aerobic 
(PO; greater than 600 mm Hg) conditions for 90 minutes, only 
small amounts of creatine kinase (CK) appear in the coronary 
effluent! whether or not the rabbits have been pretreated with 
propranolol. Under these conditions of aerobic perfusion no 
difference (P <0.8) could be detected between the amounts 
of CK released from the hearts of the control and the pro- 
pranolol-treated rabbits. By contrast, the isolated paced (140 
beats/min) control hearts equilibrated for 30 minutes with 
aerobic Krebs-Henseleit buffer (PO. greater than 600 mm Hg) 
and then perfused under hypoxic (PO; less than 6 mm Hg) 
substrate-free conditions released large (P «0.001) amounts 
of CK into the coronary effluent (Fig. 1). These results re- 
semble those previously described! for hypoxia-perfused 
rabbit hearts. However, Figure 1 shows that under hypoxic 
substrate-free conditions, the similar perfusion of hearts ex- 
cised from rabbits killed 2, 48 or 72 hours after administration 
of the last dose of propranolol resulted in a slower release of 
CK (P «0.001) than in the untreated preparations. This 
prolonged protection was not an artifact due to the additional 
days of maintenance of the rabbits because the hearts of the 
control rabbits injected with saline solution showed no such 
reduction in CK release during similar periods of perfusion 
under hypoxic substrate-free conditions. 

Table I shows that the total CK activity extracted from the 
hearts was not significantly altered by 5 to 6 days of pre- 
treatment with propranolol. The reduced CK release de- 
scribed in Figure 1 for the hypoxia-perfused hearts of pro- 
pranolol-pretreated rabbits was therefore not due to an effect 
of propranolol on the total CK activity of the tissue. Nor can 
it be explained by different heart rates because all the hearts 
were paced. The tension records made during the preliminary 
period of equilibration in the aerobic buffer solution failed to 
show any significant difference between the peak systolic 
tension developed in the control and the propranolol-treated 
hearts. 

Myoglobin release: Figure 2 shows that during perfusion 
under hypoxic substrate-free conditions, the hearts of rabbits 
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FIGURE 6. Effect of twice daily subcutaneous injections c H 
of 2.0 mg/kg of propranolol for 5 to 6 days on hypoxia- | 5 IN 
induced changes on the Ca++ (Ca?*)-accumulating ac- S 10 
tivity of cardiac mitochondria. The hearts that were iso- © Ẹ 
lated from these pretreated adult animals either were not — S 
perfused or were perfused aerobically for 30 minutes and a 5 
then under either aerobic or hypoxic conditions for 1 hour zt 
before the mitochondria were isolated and incubated at 2" af i 
37° C as described in the text, in the presence of 22 Q 0 ae es SS ae mtd 
micromolar Ca**. Propranolol was not added to the Hours after 1 1 18 48 72 1 1 18 48 1 


perfusion circuit. P4 tests of sign nificance relate to the 
significance of the change in Ca* *-accumulating activity 
caused by the hypoxic perfusion, and P» to the signifi- 
cance of the protection resulting from prior treatment with 
propanolol. n — number of separate experiments made; 
p = probability; S.E. = standard error of the mean. 


killed 2, 48 or 72 hours after the last dose of propranolol re- 
leased less myoglobin into the coronary effluent than the 
untreated control hearts (P <0.001). During similar periods 
of aerobic perfusion there was virtually no release of myo- 
globin into the coronary effluent (P «0.6). Other studies 
showed that the hearts of rabbits injected with saline solution 
for 5 to 6 days and then killed 2, 48 or 72 hours after the last 
injection released myoglobin into the coronary effluent during 
hypoxic substrate-free perfusion at a rate not significantly 
different from that shown in Figure 2 for the hypoxia-perfused 
untreated control rabbit hearts (P «0.8). 

Resting tension: The isolated paced (140 beats/min) rabbit 
hearts equilibrated for 30 minutes with aerobic Krebs-Hen- 
seleit buffer manifested a constant peak systolic and resting 
tension when perfused aerobically for 60 minutes. However, 
hypoxic perfusion caused a progressive rise in resting tension 
(Fig. 3). 

Figure 3A shows that the hearts from adult rabbits killed 
2 hours after receipt of the last dose of propranolol were pro- 
tected against the increase in resting tension caused by the 
hypoxic conditions used. Figure 3B shows that this protective 
effect of propranolol was no longer apparent in rabbits killed 
24 hours after the last dose of propranolol. Control studies 
(results not shown) confirmed that, during similar periods of 

= aerobic perfusion, resting tension of the control and pro- 
pranolol-treated series remained constant (P «0.7). 

Mitochondrial function: In previous studies we? and 
others!? showed that mitochondria harvested from hearts 
perfused under hypoxic substrate-free conditions exhibit a 
depressed nanoatoms oxygen/mg mitochondrial protein per 
min (QO»s) and respiratory control index (RCI)?8 and an 
enhanced Ca**-accumulating? activity. This effect of such 
perfusion is shown in Figures 4 to 6. These figures and Table 
II also show that the decline in mitochondrial QO», and RCI 
(Fig. 4 and 5) and the increase in their Ca**-accumulating 
activity (Fig. 6) caused by the previous 60 minutes of perfusion 

. under hypoxic substrate-free conditions of the whole heart 
can be prevented to some extent by pretreatment with pro- 
. pranolol. This protective effect persisted for as long as 72 


— hours after the last dose of propranolol had been given. In 


T ed m the rabbits were pretreated with pro- 
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pranolol as described for 5 to 6 days. The hearts were then — 
perfused aerobically for 30 minutes and then for 1 hour under | D 
either aerobic or hypoxic conditions as described. The mito- — 
chondria were isolated without the addition of propranoii d T4 
to either the perfusion circuit or the isolated mitochondria. - 
Although pretreating the rabbits with propranolol protected — 
the QO;, RCI and the Ca**-accumulating activity of the mi- — 
tochondria isolated from hearts perfused under hypoxic 
conditions, it failed to affect these activities of mitochondria E 
isolated after the same period of aerobic perfusion (Fig. 4 to | 
6, Table II). Aerobic perfusion also did not alter these indexes - 33 
of mitochondrial metabolism. Our failure to find a significant — 
effect of hypoxia on the mitochondrial ADP/oxygen ratio | 
confirms our earlier results? and those of Lochner et al. 18,19 — 
As discussed elsewhere? in detail, there are several reasons. for 
believing that the hypoxia-induced changes i in mitochondrial — 
function in our study were not due to excessive fragmentation — 
of the mitochondria during their isolation. Electron micro- | 
graphs of the pellets consistently showed that intact mito- 
chondria were being harvested from the aerobic and hyp- - = 
oxia-perfused hearts of control and propranolol-treated rab- - D. 
bits.? The field of mitochondria was approximately the same 
(9.0 to 11.6 mg protein/g wet weight) and, when the mio 
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TABLE | (LIA b : 


-$ x 
Total Creatine Kinase (CK) Activity Recovered From Fre 

Rabbit Hearts (Combined Solubilized Mitochondrial and - 
Cytoplasmic Fraction, and the Coronary Effluent) 3 


no. of CK Activity ^ 


Experiment Hearts — (miU/g dry weight)" — 





f 
PO 





Control 4 1,316,000 + 462 - E 
Propranolol $ 
5 days’ treatment 4 1,462,000 + 515 
6 days' treatment 3 1 1418, 000 + 215 
* Mean + standard error of the mean. 


Propranolol pretreatment as descr in the text (2.0. aT A of. 
His stg eim: ira inne for 5 La pend The Meroe were kiled 


last dose Control animals were 5 
Miss with 0. 0.8 Haben sodium chloride, ‘as described in thetex. — 



































a 2^ ur ^s d ^ A x " A ^ 
T iei al D ei in — 1, QO, "A ADP/O; Ratios 
for | | from Aerobic and Hypoxia-Perfused 
Hearts af Conr an Propranolol-Treated Rabbits 
4 Er os C = TA Rabbits Treated With 
E USES Propranolol for 
Et re 5 to 6 Days 
OP DG ss: MT QUE, Control Rabbit Fee eee A 
m ent | Hearts Perfusion State 
|... Temper Perfusion State ‘Hypoxia 
QU CN MET. Aerobic: Hypoxia ^. Aerobic Perfusion 
Bine oit: 16.5 12.2 16.7 16.6 
mo. SOE. 16.2 11.9 16.4 16.3 
A E e DE 16.3 11.7 16.4 16.3 
p PE. | . 298.0 156.0 286.0 262.0 
E Lm .- 2620 135.0 275.0 256.0 
MC 258.0 138.0 271.0 256.0 
© ADP/O; 
B0 Jat 2.6 2.4 2.5 2.6 
E ond 2.5 2.2 2:5 ` 2.4 
el ol Sad, 2.5 2.2 2.4 2.5 
y à Cl ext 
a 1st. 16.3 11.9 16.4 16.1 
Bc "end 16.1 12.0 16.4 15.9 
er. 9rd 16.2 11.8 16.1 15.7 
^ii li 2 - 
E cob. 118.6 49.5 121.4 98.6 
E 2nd 120.4 47.8 117.8 98.2 
Ent «Ord 115.9 48.6 118.1 97.6 
|»... ADP/O? 
tst 2.5 2.3 2.5 2.4 
2nd 2.4 2.2 2.3 2.3 
3rd — 2.4 "2 2.3 24 


= The mitochondria were isolated from the hearts of two control and 
wo MAR Caed rabt rabbits. The hearts from one control and one 
eated rabbit were perfused aerobically (PO. greater than 
ig) and the hearts of the other control and propranolol-treated 
] hypoxic substrate-free conditions (see text). The mito- 
ria were incubated at 25° and 37°C for 90 minutes, while three 
ial determinations of values for respiratory control index (RCI), 
1s Oxygen used/mg mitochondrial protein per min (QO5) and na- 
2 if | ey o s adenosine diphosphate used/n atoms oxygen consumed 
— (ADP/O; values) were made, using Tris-glutamate as substrate and 
N to provide a final concentration of 0.25 millimolar. 1st, 2nd 
oh and 3rd refer to the sequential determinations of the functions described. 
.. Not ) that the mitochondria for the aerobic control study came from one 
dm t, for the Ue control study from another, for the aerobic pro- 
k . pranolol study from a third heart and for the hypoxic propranolol study 
: Do a fourth heart. Three other experiments yielded comparable re- 
us sS 


*a^ 
r EC 


1 E chondtia were incubated for prolonged periods at either 25? 
oe 37° C and with repeated additions of 0.25 millimolar ADP, 
_ their respiratory activity remained stable. 
_ The relevant data in Figures 4 to 6 show that the perfusion 
8 such did not greatly alter the functioning of the mito- 
hon dria that were subsequently isolated. Had this been the 
| case, ,we would not have expected that the mitochondria from 
iM | the Ned hearts would have so closely resembled (in 
terms of QOs, RCI and Ca**-accumulating activities) the 
a T mitochondria from the aerobically perfused hearts. 
The results presented in Figures 1, 2 and 4 to 6 show that 
a -hearts excised from rabbits as long as 72 hours after receipt 
P _ of the last dose of propranolol are protected to some extent 
E umi the deleterious effects of hypoxia. We therefore sought 
E: to establish (1) how long effective beta blockade persisted after 
cessation of theta and T whether 5to6 n of aera 
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TABLE m — — 
Duration of Propranolol-induced Beta Blockade in Adult 
Rabbits 





Hours After Last Dose 
of Propranolol 
0.5 1 5 18 48 72 
Percent 100 100 5648 4+2 0 0 
blockade 
no. of 4 E 4 B 4 4 
hearts 


The hearts were isolated 0.5 to 72 hours after administration of the 
last dose of propranolol (2.0 mg/kg subcutaneously, twice daily, for 5 
days). They were stimulatec electrically at 140 beats/min. Percent beta 
adrenoceptor blockade was calculated relative to the increase in peak 
tension caused by the presence of 2 ug/liter of isoproterenol in the 
perfusion circuit. Results are expressed as mean + standard error of 
the mean for n experiments. 


ment with propranolol had altered the cardiac stores of ATP, 
creatine phosphate and glycogen. 

Duration of beta blockade: To determine how long the 
beta blocking properties of propranolol persisted after ces- 
sation of therapy, the hearts from adult rabbits that had been 
pretreated with propranolol as described for 5 or 6 days were 
isolated and perfused aerobically (see Methods) with a strain 
zauge attached to the ventricular apex. The hearts were paced 
at 140 beats/min, and the degree of beta blockade was estab- 
lished by observing the inotropic response evoked by 2 ug/liter 
of isoproterenol. The results obtained are summarized in 


Table III, in which the blockade that was evident in the hearts 


excised from the rabbits 30 minutes after receipt of the last 
dose of propranolol was taken to be 100 percent. It is evident 
that effective beta blockade was present 30 minutes and 1 hour 
but not 18, 48 or 72 hours after the last dose of propranolol had 
been given. The hearts used to determine the duration of beta 
blockade were discarded and not used for the other studies 
reported. 

Cardiac stores of ATP, creatine phosphate and glyco- 
gen: The hearts used for the ATP, creatine phosphate and 
glycogen determinations were excised (Table IV) from rabbits 
killed 2, 24 or 48 hours after administration of the last dose 
of propranolol. Pretreatment of the rabbits with either saline 
placebo or propranolol had been continued for 5 to 6 days 
before the animals were killed, and the hearts were all per- 
fused aerobically for 30 minutes before being freeze-clamped 
for analysis. The results, summarized in Table IV, show that 
the ATP, creatine phosphate and glycogen content of the 
muscle was the same for the control and propranolol-treated 
series whether 2, 24 or 48 hours had elapsed since the last dose 
of propranolol. The wet/dry weight ratios also remained un- 
changed. 


Discussion 


Several studies have shown that propranolol protects 
heart muscle against the effects of hypoxia!:2° and 
ischemia.?^?? Various techniques have been used to 
demonstrate this protection, including the monitoring 
of enzyme release patterns, measurement of changes in 
resting tension and mitochondrial function studies. Our 


resuits show that (1) 5 or 6 days of pretreatment with . 


propranolol protects rabbit heart muscle against some 
of the deleterious consequences of hypoxia, and (2) this 
protection pers tor as long as 72 hours pee run. 
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Ec * dis TIE ae x T s PRN js 27 mn) TT 2 CE adis OTEC TON c OF F s POXIC H HEART. JSCLE S AYLER ET A b : 
i Efect Effect of 5 to 6 Days of Propranolol Pretreatment on the Cardiac Stores of Adenosine Triphosphate, Creatine Phosphate, sA 
| ids poe the Wet/Dry Weight Ratio (mean + standard error of the mean, n iini n ES I 3 
M SS n EU. T EN /Dr E 
n gu eats ATP CP Glycogen Weight Ratio d ul 
NES... Control 12 16.2 € 1.1 28.7 + 2.2 72.3 + 4.6 38403 JM 
zi Ad | 2 hours* 7 15.8 + 0.8 27.9 Ł 1.2 76.7 & 8.1 835402. . ig 
Am : 24 hours* 16.5 + 1.2 22.6 + 2.1 79.5 + 6.2 89504 
per 48 hours* 16.7 + 1.2 27.9 + 1.3 73.2 + 4.8 | 
; us M E rons hate (ATP), creatine phosphate (CP) and glycogen results are expressed as umoles/g dry weight. Tests ofi E 
x - calculated rebus to the values obtained for the control series, treated only with saline placebo. There were no significant terere 1 Alih a 
oes used for these determinations were perfused aerobically for 30 minutes before being taken for analysis. qe 
Qi * © E S 
ha — oftherapy and thus is present at a time when effective Altered availability of stores of cellular ene ! rey | 
| — beta blockade has disappeared. This prolonged pro- or substrate: Five or 6 days of treatment with pro- - 
|... tection resulted in reduced rates of enzyme (CK) and pranolol apparently failed to alter the ATP, creatine: 
bes  myoglobin release and the preservation of mitochon- phosphate and glycogen content of the rabbit hearts. I 
~ drial function during periods of hypoxic substrate-free is therefore difficult to account for the protection ' we : 
perfusion. In these studies we used substrate-free con- observed on the basis of an altered availability of en- 
ditions of hypoxic perfusion because it is well known ergy2929 (ATP or creatine phosphate) and substrate — ; 
- — that including or increasing the concentration of glucose (glycogen)®° unless one argues that these substances. 
p _in the extracellular phase protects heart muscle against were redistributed within the cell. In the case of AT 
.. . the deleterious effects of hypoxia.i:23-25 and creatine phosphate, there is evidence of functional: 6 
ms. compartmentalization in heart muscle, and it is con- 
. . Mechanisms of Propranolol's Protective Effect ceivable that long-term beta blockade is associated with he 
» The protection that results from 5 to 6 days' treat- a change in the size of the individual “pools,” or their — 
P ment of adult animals with propranolol is difficult to distribution or the extent and rapidity with which the — 
-. interpret. The protection evident in rabbits killed 1 or ATP and creatine phosphate stored in them can be 
— 2 hours after administration of the last dose of pro- utilized. E 
d pranolol can probably be explained in terms of beta- Spieckermann et al.?? described a | close correlation - 
E adrenoceptor blockade. Heart muscle releases endog- between some of the deleterious effects of anoxia— - a 
5 enous catecholamines in response to hypoxia,?9 and including enzyme release—and the rate of depletion of - | 
catecholamines increase the sensitivity of heart muscle the cardiac stores of ATP. However, because we found . 
to lack of oxygen.?? The short duration of functional that the total stores of ATP, creatine phosphate par i 
^ blockade we observed on cessation of treatment (no glycogen were unchanged by 5 to 6 days of tree ats 
-block 18 hours after the last dose) is in agreement with with propranolol, we cannot argue that the proud ng " | x 
; the evidence of Vaughan Williams et al.* and with the protective effect of propranolol treatment is due tc 
p rapid disappearance of propranolol from the plasma. additional supply of energy-rich phosphates or glycogen i E 
^ Secondary effect in addition to beta blockade: substrate. The secondary effects of prolonged beta . 
The prolonged protective effect of 5 to 6 days’ treatment blockade in increasing action potential duration and i pe, 
tht with propranolol is difficult to explain in terms of beta reducing sympathetic tone take 2 to 3 weeks to devel- - 
Bi. blockade and presumably involves a secondary effect. op,*?? and it is therefore unclear whether the pon 
K There is good reason to believe that our evidence fa- action of propranolol against the effect of hypoxia is — 
voring the existence of a long-term protective effect of related to these effects. There are other possibilities, 
propranolol is not artifactual. The reduced rate of CK including possible action of a metabolite or storage 0 of — 
- release observed was not associated with a change in the some of the administered propranolol. Any storage - 
4 total CK activity of the heart. It is theoretically possible system for propranolol must be one that during noi "m. nal ua 
that pretreatment with propranolol may have altered conditions of aerobic perfusion does not allow the d drug - 
the distribution of CK so that the size of the “pool” access to the cardiac beta adrenoceptors; if it did, on e 
available for release was changed, but there is no doc- would expect to find evidence of effective beta blocks 
umented evidence of this. As for the mitochondrial If propranolol is stored, it is theoretically possible med 
M studies, the data obtained from the experiments in like the catecholamines,2e it is released in response toi | 
» which repeated additions of ADP were made at either hypoxia. 
25? or 37? C rule out the possibility that mitochondria Reduced availability of norepinephrine aid 
TN extracted from the hypoxia-perfused hearts of control protective effect on mitochondria: There are atleast 
~ animals were damaged and leaked!! more than those of two possible explanations for our results, one invi lving 
: the hypoxia-perfused hearts of the Bopredelot treated a reduced availability of norepinephrine for relea se an 2 
ME rabbits. corse moy with the Ramat te mitochondria 
2 ives: ue 3.5 2 
Ar Gs VR 
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—. from the hypoxic perfused hearts (Fig. 6) to accumulate 
-= Ca** at a relatively rapid rate. Recently Raine and 

. Chubb?? reported reduced tyrosine hydroxylase and 

 dopamine-beta-hydroxylase activities in cervical ganglia 
. of rabbits pretreated for 6 days with a dose regimen of 
propranolol closely resembling that used in our study. 
_ They found that this effect of long-term beta blockade 
= was evident on the 3rd day of treatment and had 
— reached a high degree of significance by the 6th day. 


- Because tyrosine hydroxylase is the rate-limiting en- 


.. gyme in the biosynthesis of norepinephrine, it is possible 
that less endogenously stored norepinephrine is avail- 
. able for release in response to hypoxia in propranolol- 
— treated than in control rabbit hearts. Such an effect 
- could account for the prolonged protective effect of 
propranolol. This protection would be a secondary ef- 
- fect, due to a reduced amount of norepinephrine for 
. release and not to the blockade of the beta adrenocep- 
tors. The alternative explanation, involving the pro- 
tection of the mitochondria against a phase of rapid 
Catt-accumulation, is equally plausible because it is 
well known?? that Ca**-accumulation interferes with 
-= mitochondrial function and ATP production. Our 
failure to detect any change in total tissue ATP does not 


argue against this possibility because of the probable 
complexity of the ATP storage “pools” in heart muscle. 
Further experiments are needed to differentiate be- 
tween these two hypotheses. 

Clinical implications: Our results show that a pro- 
tective effect of propranolol on hypoxic heart muscle 
persists for up to 72 hours after cessation of therapy. 
This protection results in reduced rates of enzyme and 
myoglobin release and the preservation of mitochon- 
drial function during periods of hypoxic substrate-free 
perfusion. The results support the concept*?? that there 
may be secondary consequences of prolonged beta ad- 
renoreceptor blockade. If the results of these laboratory 
studies can be extrapolated to man, then it is possible 
that even when beta blockade has been terminated for 
several days (as, for example, before surgery) some 
protective effect of the therapy may persist, particularly 
with respect to the protection of the heart against the 
deleterious effects of an inadequate supply of oxygen. 
This protection may be due, in part at least, to either the 
reduced tyrosine hydroxylase activity described by 
Raine and Chubb?? or a protective effect on mitochon- 
dria, particularly with respect to their Ca* *-accumu- 
lating activity. 
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Propranolol and digitalis each have limitations in acute myocardial in- 
farction, the former because of negative inotropic effects and the latter 
because of increased ischemia. To evaluate their combined effects, 
ouabain (in a priming dose of 7.5 ug/kg body weight followed by 2 to 3 
ug/kg per min intravenous infusion) and propranolol (1 mg/kg intrave- 
nously) were administered randomly in 22 open chest dogs after acute 
coronary occlusion, and changes were observed in epicardial S-T segment 
(10 to 14 sites) and local tension (strain gauge measurements). Heart 
rele was controlled by atrial pacing. After acute coronary occlusion, 
tension in the nonischemic zone decreased to 92.8 + 3.4 percent of 
control level. Propranolol reduced it further to 67.3 + 4.9 percent (P 
<0.005), but ouabain increased it to 92.9 + 4.9 percent (P «0.005). 
Tension in the border zone decreased to 84.9 + 4.11 percent (P « 0.005) 
after acute occlusion and to 54.5 + 5.5 percent (P <0.001) with pro- 
pranolol but increased to 73.6 + 5.1 percent (P « 0.005) with ouabain. 
Tension in the ischemic zone decreased from 59.3 + 5.5 percent to 45.8 
+ 5.0 percent (P <0.001) with propranolol but was unaffected by ouabain. 
The sum of S-T elevation, which increased from 27.8 + 5.3 to 72.1 + 10.8 
mv after occlusion, decreased to 62.8 + 11.8 mv (P <0.05) with pro- 
pranolol and further to 53.0 + 10.4 mv (P « 0.005) with ouabain. The 
pattern of changes in average S-T elevation was similar. When propranolol 
administration followed ouabain infusion, essentially similar effects on 
tension and the sum of S-T and average S-T elevation were observed. In 
summary, the combination of propranolol and digitalis favorably affects 
both tension and S-T segment abnormalities after acute coronary oc- 
clusion. 


Both propranolol and digitalis have undergone considerable experi- 
mental and clinical study in acute coronary heart disease.1-1? Experi- 
mentally, Libby® and Maroko’ and their co-workers reported that pro- 
pranolol decreases epicardial S-T segment elevation after coronary li- 
gation and reduces myocardial creatine kinase (CK) depletion. More 
recently, Kloner et 1.1? indicated that propranolol also reduces micro- 
vascular injury in acute myocardial ischemia. However, concomitant with 
these effects, propranolol greatly decreases regional contraction,!415 an 
effect that significantly limits the feasibility of its use in acute myocardial 
infarction. On the other hand, digitalis significantly increases regional 
contraction after coronary ligation!!; its effects on epicardial S-T seg- 
ment abnormalities vary, depending on the presence or absence of a 
failing left ventricle.*/6 In this study, we evaluated the combined effects 
on these regional functions of propranolol and digitalis in experimentally 
induced myocardial infarction. 
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Methods 


| Experimental procedure: Experiments were per- 
formed in 22 mongrel dogs weighing 25 to 30 kg, anes- 
thetized with sodium pentobarbital (30 mg/kg intra- 


< wenously) and ventilated with a Harvard respirator. The 


heart was exposed through a mid sternal incision and 
supported in a pericardial cradle. A polyethylene tube 


— was introduced through an external jugular vein for 
— intravenous infusion. Central aortic and left ventricular 
- pressures were monitored with fluid-filled stiff catheters 
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introduced through the left femoral and right common 
carotid arteries, respectively, with use of Statham 
P23Db transducers. Fine (0.001 inch [0.00254 cm]) 
Teflon®-coated stainless steel wires were inserted in the 
right atrial appendage, and atrial pacing was achieved 
to control heart rate using a Medtronic battery-powered 
R wave coupled pulse generator (model 5837). 

After the left anterior descending artery was iso- 
lated, 2 to 3 cm distal to its origin, the potentially 
ischemic and nonischemic zones were demarcated using 
epicardial electrograms and the areas were confirmed 
with use of methylene blue at the conclusion of each 
study as previously described.!?:18 Three Walton-Brodie 
strain gauge arches of 120 ohm resistance with adjust- 





FIGURE 1. Effect of propranolol and 
ouabain on tension measurements in 
the nonischemic zone (see text). 
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GROUP II: PROPRANOLOL ADMINISTRATION FOLLOWING OUABAIN INFUSION - 
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able feet were fixed with deep sutures in the potentially 
ischemic, border and nonischemic zones. The myocar- 
dial segment under the feet of each strain gauge was 
stretched by 30 percent of its initial length. The rate of 
rise in tension (d T/dt) was measured using a linear re- . 
sistance-capacitance differentiating circuit from each — - 
zone.17,18 MR 
Epicardial electrograms were obtained with silver : 
electrodes of 2 mm diameter mounted in acrylic plas- 
tic.1? Ten to 12 electrodes were applied to the myocar- — 
dial surface and kept in place with a silk thread running — - 
over the plastic bars and stabilized using the right and — 
left sides of the pericardium. No epicardial sutures were 
used. This procedure permitted the electrodes to be — 
kept in a fixed position throughout each experiment - 
while pressure on the myocardium that could resultin 
S-T segment changes was avoided. All epicardial re- — 
cordings were obtained at a sensitivity level of 1 mm/mv 
and frequency limits of 0.1 to 100 hertz. Standard 7 
electrocardiographic lead II was also monitored . 
throughout each experiment. NEN 
All records were taken on a multichannel oscilloscopic 
recorder (Electronics for Medicine) at paper speeds of 
25 and 100 mm/sec. After control recordings were ob- 
tained, coronary occlusion was performed with a silk — 
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_ ligature. A period of 10 minutes was permitted for sta- 
_ bilization of contractile changes, S-T segment and 
- rhythm disturbances. 
Tension measurements included preejection, ejection 

and total tension and rate of tension rise (dT/dt) ex- 
- pressed as percent of control.!8!9 S-T segment mea- 
_ surements were expressed as the sum of S-T segment 
_ elevation (ZST) and average S-T elevation (ST) in 
_my."!9 The paired t test was used for statistical analysis, 
_ and all observations were represented as mean + stan- 
- dard error of the mean. Experiments were divided into 
| two groups. 
_ Group I (12 studies): After 30 minutes of coronary 
occlusion, propranolol (1 mg/kg body weight) was ad- 
 ministered as an intravenous bolus injection. This dose 
-is enough to produce beta receptor blockade and ef- 
- fectively blocks hemodynamic effects produced by 0.5 
_ug/kg of isoproterenol.!42° After 5 minutes of pro- 
_ pranolol administration, ouabain infusion (priming dose 
- of 7.5 ug/kg followed by 2 to 3 ug/kg per min) was in- 
stituted until toxicity developed, as indicated by the 
appearance of premature ventricular complexes or 
 atrioventricular block. All recordings of tension and 
_ epicardial electrograms were made during atrial pacing 
at 1 minute intervals for 5 minutes after infusion of 
_ propranolol and at 5 minute intervals during infusion 
of ouabain. | 
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GROUP Il: PROPRANOLOL ADMINISTRATION FOLLOWING OUABAIN INFUSION 
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dT, dt FIGURE 2. Effect of propranolol and 


ouabain on tension measurements in 
the border zone (see text). 


Group II (10 studies): After 30 minutes of coronary 
ecclusion, ouabain (7.5 ug/kg priming dose followed by 
2 to 3 ug/kg per min) was infused initially until a 15 to 
20 percent increase in tension in the nonischemic zone 
was observed; the infusion was followed by adminis- 
tration of propranolol (1 mg/kg). Recordings were ob- 
tained every minute (with controlled heart rates) until 
the maximal decrease in tension was observed. 

Experiments showing significant changes in systemic 
blood pressure after coronary ligation or ischemic S- T 
segment elevation before coronary occlusion were ex- 
cluded from analysis. At the end of each experiment, 2 
cc of methylene blue dye was injected into the left an- 
terior descending coronary artery immediately distal 
to the site of occlusion. With this technique we ascer- 
tained the area of the left ventricular myocardium this 
artery subserved and confirmed that gauges and epi- 
cardial electrodes were placed appropriately with re- 
spect to each zone. 


Results 
Effect on Tension Development 


Nonischemic zone: Group I: Figure 1 (top panel) 
demonstrates the effects of propranolol and ouabain on 
tension measurements in Group I experiments, in which 
propranolol was administered first. Total tension in the 
nonischemic zone decreased to 92.8 + 3.4 percent of 
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FIGURE 3. Effect of propranolol and ouabain 
on tension measurements in the ischemic 
zone (see text). 


control level after coronary occlusion. After adminis- 
tration of propranolol, it decreased further to 67.3 + 4.9 
percent (P «0.005). Infusion of ouabain increased total 
tension significantly to 92.9 + 4.9 percent (P «0.005). 

Rate of tension rise (dT/dt) similarly decreased to 
92.1 + 4.9 percent of control level after coronary ligation 
and decreased further to 60.6 + 4.7 percent (P «0.001) 
with administration of propranolol. Infusion of ouabain 
increased dT/dt to 80.0 + 3.7 percent (P «0.005). The 
pattern of changes in preejection and ejection tension 
was similar to those of total tension and dT/dt. (Fig. 
1). 

Group II: In these experiments (Fig. 1, bottom panel), 
ouabain was administered first. Total tension, which 
had decreased to 96.0 + 4.0 percent after coronary oc- 
clusion, increased significantly to 120.6 + 5.1 percent 
(P «0.001) with ouabain. Administration of propranolol 
decreased total tension to 99.7 + 4.5 percent (P <0.02) 
of control level. Changes in both preejection and ejec- 
tion tension and dT/dt were directionally similar. 

Border zone: Group I: The effects of propranolol and 
ouabain on local tension measurements of the border 
zone are represented in Figure 2. The border zone 
showed a significant decrease in total tension to 84.9 + 
4.11 percent of control level (P <0.005) after coronary 
ligation (Fig. 2, top panel). Administration of pro- 
pranolol caused a further marked decrease in total 
tension to 54.5 + 5.5 percent (P <0.001), which then 
increased to 73.6 + 5.1 percent (P <0.005) with infusion 
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of ouabain. dT/dt similarly decreased from 92.4 + 4. 5. 
percent of control level to 59.6 + 4.8 percent (P <0. 001) - 
with propranolol and increased significantly to 75.1 € — 
5.3 percent (P <0.001) with ouabain. Both preejection 
and ejection tension, which were severely depressed 
after coronary occlusion and administration of pro- | 
pranolol, showed similar improvement after infusion _ 
of ouabain (Fig. 2). 4 
Group II: In these experiments (Fig. 2, bottom panel) — 
total tension, which had decreased to 76.2 + 10.7 per- — ; 
cent of control level after coronary occlusion, increased — 
to 89.6 + 11.7 percent (P <0.001) with ouabain. After — 
the subsequent administration of propranolol, total . 1 
tension decreased to only 79.5 + 9.9 percent of control | 
value (difference not significant). dT/dt similarly in- - E 
creased from 81.6 + 9.5 percent of control level to 106 - 
+ 13.7 percent (P «0.02) after infusion of ouabain and — 
decreased only to 77.37 + 9.2 percent (P <0.005) with a 3 
propranolol. Changes in preejection tension were similar a 
in direction. Ejection tension, which showed a marked _ 
decrease to 70.8 + 8.3 percent (P <0.02) after coronary - 
occlusion, increased to 100.1 + 15.1 percent (P <0. 05) 
with ouabain and then decreased to 78.8 + 9.6 iii 
with propranolol (P «0.05). : 
Ischemic zone: Group I: Total tension in the isch-  - 
emic zone decreased to 59.3 + 5.5 percent (P <0.001) of 
control level after coronary ligation and decreased — 3 
further to 45.8 + 5.0 percent (P <0.001) with propran m 
olol (Fig. 3, top panel). Infusion of ouabain produced no — 
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further change (46.9 + 4.5 percent). Preejection tension 
and dT/dt changed similarly. Ejection tension which 
had decreased to 0.0 + 0.5 percent of control level after 


. coronary occlusion, was unchanged by propranolol or 


ouabain. 

Group II: Neither infusion of ouabain nor infusion 
of propranolol resulted in a significant change in the 
ischemic zone (Fig. 3, bottom panel). The total tension 
was 63.8 + 9.1 percent of control level after coronary 
occlusion, 63.5 + 9.5 percent after ouabain and 60.9 + 
8.2 percent after propranolol infusion. Preejection and 
ejection tension and dT/dt showed similar responses. 


. Figures 4 and 5 show a typical experiment demon- 


_ strating the effects of infusion of propranolol and oua- 
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bain on local tension in Group I and Group II, respec- 
tively. 


Effect on S-T Segment 


The effects of infusion of propranolol and ouabain on 
epicardial S-T segment elevations are shown in Figure 
6. 

Group I: The sum of S-T elevation (ES-T) increased 
from 27.8 + 5.3 to 72.1 + 10.8 mv (P <0.001) after cor- 
onary occlusion. Administration of propranolol de- 
creased this value to 62.8 + 11.8 mv (P <0.05). With 
infusion of ouabain, EST decreased further to 53.0 + 
10.4 mv (P <0.005) (Fig. 6, top panel). The pattern of 
changes in average S-T elevation (ST) was similar. 
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FIGURE 4. A typical Group | experiment demon- 
strating the effect of propranolol and ouabain on 
local tension in the nonischemic, border and 
central ischemic zones after coronary occlusion. 
After administration of propranolol, there is a 


PROPRANOLOL Significant reduction in total tension in all three 
* zones. After infusion of ouabain, both the non- 
ischemic and border zones show marked im- 

OUABAIN 


provement in tension; the ischemic zone remains 
unchanged. 
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FIGURE 5. Typical Group Il experiment demon- 
strating the effect of propranolol and ouabain on 
local tension in the nonischemic, border and 
central ischemic zones after coronary occlusion. 
After infusion of ouabain, there is a significant 
increase in tension in both the nonischemic and 
border zones; ischemic zone tension is un- 
changed. With administration of propranolol, 
tension in the border and nonischemic zones de- 
creases only to control postcoronary occlusion 
levels. The decrease in tension after administra- 
tion of propranolol is significantly less than that in 
the Group ! experiments (see Results). 
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Group II: The sum of S-T elevation (ZST) increased 
from 21.8 + 3.2 to 68.5 + 12.3 mv (P <0.005) after cor- 
onary occlusion. Infusion of ouabain decreased ZST 
insignificantly to 65.3 + 11.1 mv. However, propranolol 
resulted in a further decrease to 53.3 + 10.0 mv (Fig. 6, 
bottom panel). The pattern of changes in average S-T 
elevation (ST) was similar. Figure 7 represents a typical 
experiment demonstrating the effect of infusional 
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| FIGURE 6. Effect of propranolol and 
ouabain on epicardial S-T segment el- 
evation. ZST — sum of ST elevation; 
ST — average S-T elevation; bars in- 
dicate standard error of the mean. 
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FIGURE 7. Typical Group | and Group ll experiments 
demonstrating the effect of propranolol and ouabain on 
epicardial S-T segments. In the Group | experiment, ad- 
ministration of propranolol decreases S-T segment ele- 
vation. Infusion of ouabain causes a further decrease in 
S-T elevation. In the Group Il experiment, initial infusion 
of ouabain does not change the S-T elevation signifi- 
cantly; administration of propranolol causes a significant 
decrease in S-T elevation. 
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propranolol and ouabain on S-T segment elevation in 
epicardial electrograms. 


Effect on Heart Rate, Blood Pressure and Left 
Ventricular End-Diastolic Pressure 

Propranolol administration caused a significant re- 
duction of heart rate from 171.4 + 5.1 to 119.6 + 5.7 
beats/min (P «0.001), but the addition of ouabain 
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caused no further change (123.1 + 4.3 beats/min). 
. Neither drug significantly changed systolic or diastolic 
.. blood pressure. Left ventricular end-diastolic pressure 
.. increased insignificantly from 13.5 + 1.7 to 16.0 + 0.87 
mm Hg with propranolol administration and decreased 
minimally to 15.1 + 1.0 mm Hg with infusion of oua- 
bain. 
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Discussion 

Considerable interest has focused on quantifying and 
. modifying the size of an acute myocardial infarction, 
. and propranolol has been considered a "prototype" 
. agent in this regard.?! Although several studies have 
. indicated that propranolol decreases the magnitude of 
. epicardial S- T segment abnormalities after acute cor- 
onary ligation,®”-14 this decrease is accompanied by a 
— concomitant decrease in regional contraction.!4 None- 
_ theless, propranolol has been reported! to be efficacious 
inat least some patients with acute myocardial infarc- 
__ tion. The clinical usefulness of digitalis in acute myo- 
_ cardial infarction is somewhat unclear,9-102223 and the 
p effects of this agent on epicardial S-T segment abnor- 
. malities in experimental studies have been variable, 
. depending on the status of the left ventricle. Digitalis 
2 therefore differs from other inotropic agents in this 
_ Setting,^!6 although it does increase regional contraction 
. in the nonischemic and border zones after acute coro- 
. nary ligation.!! 

. Effects of combined propranolol and digitalis 
E. therapy: In the clinical setting of chronic heart disease, 
E propranolol has also been shown to induce or accentuate 
E regional contraction abnormalities,?* whereas digitalis 
. has been demonstrated to be efficacious with respect to 


he 


NETS EE LT 


rr 


i" 


Pt ee see 


_ regional contraction.?? In addition, several studies using 

— both invasive and noninvasive methods?9-?? have shown 
. that the combination of propranolol and digitalis is 
E useful in patients with abnormal left ventricular per- 
_ formance and that digitalis is effective in cardiac failure 
. induced by beta receptor blockade.?6 In patients with 
angina pectoris administration of digitalis does not in- 
_ terfere with the antianginal effect of propranolol, thus 
- suggesting that the glycoside does not adversely affect 
- the beta blockade in reducing myocardial oxygen re- 
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The results of our experimental study in the setting 
of acute coronary ligation also suggest the utility of this 
combination. In the nonischemic zone, tension mea- 
surements all decreased significantly after adminis- 
tration of propranolol, and this effect was readily re- 
versed to near prepropranolol levels by ouabain ad- 
ministration (Fig. 1). In the border zone, all tension 
measurements also decreased significantly after coro- 
nary ligation and decreased further after administration 
of propranolol (Fig. 2). However, ouabain infusion then 
increased tension development, to levels close to those 
observed after coronary occlusion. Observations were 
similar regardless of which agent was administered 
initially. There was no statistically significant difference 
in tension development with the combination of pro- 
pranolol and ouabain in Group I and Group II experi- 
ments. Central ischemic zone tension was unaffected 
by either agent alone or in combination. These obser- 
vations are consistent with preliminary data reported 
by Vatner et al.°° 

Concomitant with these contractile effects, ouabain 
further diminished the epicardial S- T segment abnor- 
malities, which decreased significantly after adminis- 
tration of propranolol (Fig. 6 and 7). Ouabain infused 
as the initial agent had no significant effects on S-T 
segment abnormalities, but subsequent administration 
of propranolol significantly decreased these abnor- 
malities. 

Clinical implications: There are many difficulties 
in extrapolating this type of experimental data to the 
clinical setting. In addition, caution must be exercised 
concerning the interpretation of S- T segment changes 
as the sole indicator of ischemia.19:3233 Clinically, pro- 
pranolol has been found efficacious in the treatment of 
at least some patients with acute myocardial infarction.! 
To the degree that our experimental data can be ex- 
trapolated to man, they support the utility of adding 
digitalis to the regimen when propranolol therapy is 
considered advisable in patients with acute coronary 
heart disease. They also suggest that digitalis may be 
efficacious in propranolol-treated patients with acute 
coronary heart disease who subsequently exhibit im- 
pending or overt left ventricular failure. 
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Early and late changes in regional myocardial blood flow distribution within 
the left circumflex coronary arterial bed after occlusion and after occlusion 
and reperfusion were compared with the extent of myocardial tissue 
necrosis. Radiolabeled microspheres, 15 um, were used to study regional 
myocardial blood flow in conscious dogs at 5 minutes, 2 and 6 hours and 
1 month after coronary occlusion. Blood flow was measured in conscious 
dogs whose hearts were reperfused for 72 hours after 2, 6 and 24 hours 
of occlusion. Blood flow was measured in four distinct transmural myo- 
cardial zones delineated by dye injections and gross infarct features of 
the occluded left circumflex coronary bed. After occlusion, myocardial 
flow was redistributed from deep layers to outer layers, and within 6 hours 
after occlusion collateral flow was increased to the outer zones in excess 
of redistributed flow. After reperfusion, blood flow greatly increased to 
regions containing predominantly normal tissue, and flow was redistributed 
away from the necrotic zones. The indigenous collateral circulation was 
a major determinant of infarct size in the occluded and reperfused myo- 
cardium. The concept of a migrating and narrowing marginal zone is 
discussed. 


Ultimately, salvaging ischemic myocardium depends on the stage of 
development of the coronary collateral circulation at the onset of isch- 
emia and on the rapidity with which blood flow to the ischemic region 
can be increased. Previous investigators!-* have reported the extent of 
myocardial blood flow in the ischemic, marginal and nonischemic zones 
after acute coronary occlusion in experimental animals. At least one 
study? has also established a quantitative relation between myocardial 
blood flow after coronary occlusion and the extent of subsequent in- 
farction. Studies in experimental myocardial infarction^6 have shown 
that the ultimate size of an infarct can be reduced by restoring blood flow 
(instituting reperfusion) in the early phase of ischemia. What effect the 
inherently developed coronary collateral circulation has on reperfusion 
or on evolving changes in blood flow in the ischemic zone has not been 
shown. We undertook this study (1) to determine sequential changes in 
myocardial blood flow to ischemic regions after specific intervals of 
coronary occlusion and reperfusion, and (2) to assess how coronary col- 
lateral development and reperfusion affect the relation of myocardial 
blood flow to the extent of subsequent myocardial infarction. 


Methods 
Animal Preparation 


To avoid introducimg variables with anesthesia, we performed our studies in 
conscious animals. We used 120 chronically instrumented mongrel dogs of either 
sex weighing 23 + 0.1 kg (mean + standard error of the mean). We have described 
our animal preparation in detail elsewhere.37 Briefly, during left thoractomy 
Biotronex electromagnetic flow probes were placed on the root of the aorta and 
on the left circumflex coronary artery just distal to its origin. An inflatable cuff 
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AO = after occlusion; AR = after start of reperfusion; O = occlusion. 


—. was also placed on the left circumflex coronary artery just 
distal to the probe. Silastic? catheters were placed in the left 
atrium and the aorta. The dogs recovered in large open labo- 
ratory runs permitting spontaneous exercise and were trained 
to lie quietly on a padded table for several hours while fully 
conscious. The laboratory was kept quiet to obtain low resting 
heart rates. Flows were monitored with a Biotronex BL-310 
flowmeter, and pressures were measured with Elema-Schó- 
- nander transducers. Phasic pressure and flow signals and lead 
II of an electrocardiogram were recorded on an Elema-Schó- 
nander Mingograf 81 ink-jet recorder. The phasic recordings 
were subjected to planimetry, and pressures and flows were 
calculated. 


Experimental Design 


The animals were separated into eight experimental groups 
(Table I). In Groups 1 to 3 (control groups), the left circumflex 
coronary artery was permanently occluded at two different 
intervals after instrument implantation. In Groups 4 to 8, the 
left circumflex coronary artery was occluded for a certain in- 
terval and then allowed to reperfuse itself after set periods. 
Flow distribution was determined at standardized intervals 
after occlusion and the institution of reperfusion. In both the 

‘control and reperfusion groups, occlusion was begun at dif- 
ferent intervals after instrument implantation to permit or 
avoid increasing collateralization before the occlusion. For 
example, Groups 5 and 6 were identical except for differences 
in the interval between implantation and occlusion (Table I). 
The survival rate in Table I reflects the number of animals 
that manifested fibrillation at some point in the project and 
thus were excluded from the study; for example, one dog was 
excluded from Group 1. 

All dogs were given procainamide (200 mg intravenously 
and 200 mg intramuscularly) 15 minutes before measurements 
in the control, occlusion and reperfusion periods. To avoid the 
possibility of increased hemorrhage into the infarcts, heparin 

= was not administered. Hemodynamic variables, including 

-aortic flow, aortic pressure and left circumflex coronary ar- 
terial flow, and lead II of an electrocardiogram were measured 
before occlusion and 5 minutes and 2, 6, 24 and 72 hours after 
occlusion, and before and after release of the occlusion that 
- began reperfusion. 


Microsphere Method 


Radiolabeled microspheres were used to measure the dis- 
SRUSIO OT NM throughout the myocardium. Our 
methods have been described in detail elsewhere.? Briefly, we 
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catheter. Table I shows the points at which these injections j 
were made to measure blood flow distribution. Hemodyn amic | 
variables were also measured at these points. IMG Mer 
The tissue was analyzed for the distribution of the micro- — 
spheres on a Packard Auto-gamma spectrometer, model 5912, 
equipped with a multichannel analyzer. The spectrometer - 
measured the energy emitted in the photo peak window of ~ 
each isotope. From these measurements the radioactivity per 
gram of tissue was calculated according to the methods of - 
Rudolph and Heymann? using a Hewlett-Packard 9825A | 
programmable calculator. The heart was prepared for gamma. 
spectrometry as described under Postmortem Studies. b 
Experiments to determine optimal microsphere p: to- 
cedures: Because recent reports®!° have suggested that m i- 
crospheres may be lost from ischemic myocardium after M 
hours of occlusion, we separated an additional 64 animals into 
four groups (A to D) to determine the effects of sample si ze, 
number of microspheres injected and the order of micro: : 
spheres injected on the optimal number of microspheres in 
ischemic myocardial samples and the degree of loss of mi- 
crospheres from ischemic myocardium. These four grou ps 
were as follows: a E 
Group A: 22 conscious dogs injected with strontium, ch O- 
mium or cerium-labeled microspheres selected in a round - 
robin manner; these animals served as controls (no ocelt sion). 
After 3 days the dogs were killed, and 4 g samples were tak en 
from the endocardial and epicardial regions of both the eft 
circumflex and the left anterior descending arterial beds. The 
samples were air-dried and packed into a single counting 
x 47 * 
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Group B: 21 dogs injected with strontium- and c aro- 
mium-labeled microspheres before and after occlusion of t ne 
left circumflex coronary artery. The animals were killed 2 to 
4 days after occlusion, and 4 g samples were taken from the 
endocardial and epicardial regions of the left anterior de- 
scending arterial bed and 1 g samples from the ischemic left 
circumflex bed. _ ore DOM a 
. Group C: 11 conscious dogs injected first with strontium- 
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E TABLE M: ERN | Me LN 
.. Microsphere Loss From Ischemic Myocardium (mean + 
_ Standard error of the Aor piece eg ict RE Mae 


ae Spheres Tissue 

E .. mo. Injected Sample Flow Ratios! 

m — — 0f (no) Size LCC/LAD LCC/LAD 
. _ Group* Dogs (X109) (g) Endo Epi 

= A(contro) 22 2 4 0.98 + 0.03 1.06 + 0.02: 
- B(occlusion 21 2 1 0.90 + 0.035 0.99 + 0.02! 
~ 2-4 days) 

= C(occlusion 11 2 4 0.94 + 0.03 0.99 + 0.03 
= 2-4 days) 

= D(occlusion 10 6 1 0.97 +0.03 0.99 0.03 
y —4 days) 

S(occlusion 6 6 0.5-1.5 0.48+0.09§ 0.90 + 0.16! 

a month 

.8 (occlusion 6 0.5-1.5 0.560.109 0.914 0.11! 







— . * Dogs in control group A were killed 3 days after microsphere in- 
JA jocum Data on Groups B, C, D, 3 and 8 are provided under Meth- 
"T S. IX." 

- . *Microsphere flow ratios for endocardial (ENDO) and epicardial (EPI) 
_ zones of the left circumflex (LCC) and left anterior descending (LAD) 
- Coronary arterial beds. Significance of differences at a probability (P) 
. level of <0.05; + = epicardial control value compared with endocardial 
. control value; $ = endocardial value compared with endocardial control 
"4 value; | = epicardial value compared with epicardial control value. 
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3 “microspheres after occlusion. The dogs were killed 2 to 4 days 
- after occlusion, and 4 g samples were selected from the isch- 
- emic left circumflex bed and from endocardial and epicardial 
regions of the left anterior descending arterial bed. In Groups 
_A to C, 2 X 108 tracer microspheres were injected each 
time. 

M - Group D: 10 conscious dogs injected with 6 X 108 tracer 
microspheres as follows: strontium-labeled microspheres 
- before coronary occlusion and chromium- and cerium-labeled 
. microspheres after occlusion. The animals were killed 2 to 4 
. days after occlusion, and 4 g samples were taken from both 
endocardial and epicardial regions of the left anterior de- 
- scending arterial bed and four 1 g samples from the ischemic 
_ left circumflex bed. Each 1 g sample was counted, calculated 
- separately and then averaged with the others. The data from 
_ Groups A to D and experimental Groups 3 and 8 are presented 
_in Table IL 


~ The energy spectra of gamma emitters range from high to 















_ low in the following order: strontium, chromium, cerium. This 
_ order was used in the experimental Groups 1 to 8 to optimize 
minimal spectral overlap under conditions where the number 
- of microspheres is low.® 

Calculation of blood flows: Blood flows for the various 
regions of the myocardium were calculated using the aortic 
flow measured with the aortic flow probe. These flows were 
expressed as regional myocardial blood flow in ml/min per 100 
.g using the formula: 


E. Boa s -= RMBF = cpm/g T/cpm I X AF x 100, 


where cpm/g T is the counts per minuté per gram of tissue, 
cpm lis the counts per minute injected and AF is aortic flow 
ml/min). 

- Flow to the left circumflex coronary arterial bed was 
measured with the flow probe. This probe was used to verify 
complete occlusion of the coronary artery and to ensure that 
"a reperfusion was allowed prematurely. It also allowed 
fi | | a) 
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FIGURE 1. Myocardial sampling map. Cross-sectional view of myo- 
cardium showing division into zones of study. 1 — central necrotic core; 
2 = ischemic zone; 3 = marginal zone; 4 = jeopardized zone. Diagonal 
striped areas are the discarded margins. 5, 6 and 7 = epicardial, mid 
wall and endocardial regions, respectively. AP = anterior papillary 
muscle; PP — posterior papillary muscle; RV — right ventricle. 


measurement of reactive hyperemia after reperfusion. It has 
been shown that reactive hyperemia may occur on reperfu- 
sion. In this study, flow that was not the result of reactive 
hyperemia was measured using injection of microspheres 1 
hour after reperfusion. This hour allowed the immediate re- 
sponse of reactive hyperemia to dissipate. 


Postmortem Studies 


Post mortem, the coronary arteries were injected with dyes 
at a perfusion pressure of 100 mg Hg to distinguish the vas- 
cular beds. The heart was examined grossly and microscopi- 
cally for necrosis, and the tissue was mapped and analyzed in 
a gamma spectrometer to measure the distribution of the 
microspheres in the circulation. 

The dogs in Groups 3 and 8 were studied 1 month after the 
onset of occlusion; all other animals were killed 4 days after 
the onset of occlusion (Table I). Thus, the myocardial infarct 
zone was easily identified grossly. The left circumflex coronary 
artery was examined grossly for patency in the reperfusion 
groups and for complete occlusion in the groups with perma- 
nent occlusion. We found that the cross-sectional area of the 
artery immediately under the flow probe ranged from 50 to 
90 percent of the area of the normal left circumflex coronary 
artery proximal to the probe. This stenosis should have in- 
duced collateral development.!! After the heart was excised, 
the left circumflex and left anterior descending coronary ar- 
teries were cannulated. In the dogs with arterial occlusion it 
was necessary to cannulate distal to the occlusive cuff. To 
define the margin between the anatomic distribution of these 
vascular beds, Trypan blue dye was injected into the anterior 
descending artery, and acridine orange was injected into the 
circumflex artery simultaneously. 

Infarct zones: The hearts were sliced transversly, the 
vascular beds identified and the infarct zones mapped (see 
Histologic Methods). Both the circumflex and the left anterior 
descending arterial beds were divided transmurally into four 
transmural layers. The left anterior descending coronary bed 

was divided into four equal layers; the circumflex bed was 
divided transmurally according to necrotic landmarks. These 
zones were subdivided into samples of 1 to 3 g and placed in 
couting vials with formalin. The border between two adjacent 
beds (shown in Fig. 1 as the zone with diagonal stripes) was 
approximately 8 mm thick and separated the left circumflex 
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e coronary arterial bed from the other two vascular beds. This 
. zone was discarded to avoid tissue samples with interdigitating 
— blood supply from the two arteries. | 
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E ENS The following experiment was performed to determine if 
= interdigitating flow from the unoccluded artery might in- 
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— fluence the flow measurements. The method of separating 


— the beds was tested in three dogs placed on a left circumflex 

— coronary arterial bypass as previously described.! Radioactive 

microspheres were injected into the left atrium of these open 

— chest dogs while the left circumflex coronary artery was sep- 

. arately perfused with microsphere-free blood at normal per- 

fusion pressure. The heart was excised, and the left circumflex 

coronary arterial bed was identified using the dye injection 

method described. The left circumflex coronary arterial bed, 

less the 8 mm border, was divided into four transmural sec- 

. tions. These sections were from what would be infarct tissue 

in the experimental groups. Flow from the other arteries to 

- the outer section of the left circumflex coronary arterial bed, 

- analogous to the jeopardized zone in the experimental groups, 

. averaged 4 + 1 ml/min per 100 g. Once the 8 mm margins were 

removed, the total of such flow to the other three sections from 

- the other two arteries was sufficiently low (about 1 ml/min per 
100 g) to justify ignoring it in the experimental groups. 


Histologic Studies 


The transverse sections of the hearts of both the occlusion 
and reperfusion groups were examined grossly, and the various 
zones of the left circumflex coronary arterial bed were iden- 
tified by the following features (Fig. 1): The necrotic core was 
a pale grey zone in the endocardium. The ischemic zone was 
brown and hemorrhagic. Outside the ischemic zone was a 
grey-brown zone of granulation tissue designated marginal. 
The so-called border zone of interdigitating flow!” between 
the two adjacent beds was not studied in these experiments. 
It was discarded in the 8 mm border tissue. Our marginal zone 
is the zone of intermediate flow seen transmurally in the bed 
at risk. The normal-appearing tissue immediately outside the 
marginal zone was designated the jeopardized zone. In the 
reperfusion groups, hemorrhagic areas were more extensive 
than in occlusion groups and were included in the ischemic 
zone. 

The weight of each piece of tissue from each zone was de- 
termined at the time of necropsy. These weights were summed 
to determine zone size in grams. Zone size as percent of infarct 
was determined by dividing the gram weight of each infarct 
zone by the total weight of the infarct and expressing the result 
as a percent. The total weight of the infarct included the 
weights of the marginal, ischemic and necrotic core zones. 
Each sample was placed in a counting vial containing 10 per- 
cent formalin and analyzed in the gamma spectrometer. We 
then processed about 25 sections taken from the counting vials 
from each heart for conventional histologic studies, staining 
them with hematoxylin-eosin and Masson trichrome stains. 
We determined the extent of necrosis and hemorrhage in each. 
Standard criteria were used for necrosis (that is, the presence 
of cell infiltrates, cell disruption and fragmentation, fibro- 
blastic proliferation and organizing scar). A metric grid was 
superimposed on the histologic slide to standardize determi- 
nation of the extent of necrosis in each field. 

The extent of hemorrhage was graded as follows: 0, hem- 
orrhage not visible grossly or microscopically; 1, hemorrhage 
visible only microscopically and occupying less than 10 per- 
cent of each section; 2, hemorrhage visible grossly and mi- 
croscopically occupying 10 to 25 percent of the section; 3, 

- hemorrhage visible grossly and microscopically occupying 25 


~ to 50 percent of the section; and 4, hemorrhage visible grossly 





os Pu and microscopically occupying 50 to 100 percent of the section. 
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TABLE Ill (5. 
Heart Rate and Aortic Flow After Occlusion (Groups 1t ^ 
3) (mean + standard error of the mean) 73 


Group 3 








Time Group 1 Group 2 
; P 
Heart Rate After Occlusion (beats/min) "A 
6 105 + 6t 86 + 4 88+3 B: 
5 min 110 + 6t 90 +4 936 5 
2 hr 131 4 6*! 903-4 / 11857 
6 hr 145 t 7* 136 + 5* 139 + 5* f 
24 hr 172 € 9*! 145 + 5* 141+ 6* | 
72 hr 129 + 5*t 114+ 4* 12045*  — — 
1 mo 805 — l 
Aortic Flow (ml/min) After Occlusion E 
C 2935 + 310 2064 + 215 2200 + 199 
5 min 1980 + 195* 2070 + 243 2139 + 245 
2hr 2096 + 220* 1710 + 190 21244234  — 
6hr 2030 + 350* 2176 + 217 2115+230 
24 hr 1419 + 152° 2175 + 237 1800+ 216  . 


NS eee 

* P-<0.05 compared with control value in the same group; * P <0.05 

comparing Groups 1 and 3 with Group 2. ET E 
C = control period before occlusion. 3 


cay 


After the extent of hemorrhage was quantified for each sec- — : 
tion, a mean was obtained for each zone for each group. 


Results 
Occlusion Only (Groups 1 to 3) 


Heart rate and aortic flow: Table III summarizes changes _ 
in heart rate and aortic flow for the groups with occlusion only. - P. 
Aortic flow was significantly changed only in Group 1, the _ 
group later shown to have the largest infarcts. Heart rate was | 
significantly elevated in all three groups 6 hours after occlu- 
sion and later. Mean aortic pressure in these groups revealed 
no consistent pattern of response to occlusion, although it did m 
change markedly for short periods immediately after occlusion _ 
in some animals and after reperfusion in other animals. Mi- 
crospheres were not given during these periods of fluctuating — 
pressure. re 

Regional myocardial blood flow: Flow distribution to the — 
histologically distinguished zones of the occluded left cir- 
cumflex coronary arterial bed is summarized in Table IV. The — 
weighted mean flow to the entire left circumflex coronary bed, 
measured with microsphere methods, was normalized to 
ml/min per 100 g for the bed. This is shown in Table IV as total — 
left circumflex coronary flow. Five minutes after occlusion, - 
greater flow (P <0.05) reached the left circumflex coronary — 
bed in Groups 2 and 3 than in Group 1. This wasaresultofa - 
greater collateralization in the groups with long periods of — 
instrumentation. In all groups there was a decrease in flow to . 
the ischemic and core zones after 2 hours of occlusion and an. 
increase flow in the jeopardized and marginal zones after 6 — 
hours of occlusion. Flow in the left anterior descending artery _ 
tended to increase after occlusion. In Group 3, large standard | 
errors of the mean were seen at 5 minutes in the ischemic and | 
core zones (zones in which there was significant tissue lossat 
1 month). About the same magnitude of flow was seen in each 
zone; that is, the greatest changes in flow were seen - 















Morphologic infarct characteristics: Table V shows the — 
morphologic characteristics, including the extent of hemor- — 
rhage, of the infarcts observed in the animals with occlusion — 
only (Groups 1 to 3). Of the three groups, Group 1 had the — 


largest infarcts as measured from actual weight, percent of | 
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| Myocardial Blood Flow (ml/min per 100 g) After 
roups 1 to 3) (mean + standard error of the 





Myocardial ` 


k: PEY Group Group Group 
à Region ^ Time 2 3 
. Jeopardized C 64 +4 
4 5 min 44 5 46 3 40 + 3° 
2 hr 56 + 3° 51+ 3° 
6 hr 59 + 3+ 59 + 3°t 
ES. | 1 mo 5124 5*f 
.. Marginal C 62 4 
E Ri, 5 min 3112 35 13 28 + 8* 
^e 2hr 37 +2 403 
E 6 hr 39 + 2 44 -3* 
RESSA 1 mo 40 + 6*t 
-Ischemic C 29+ 10 
Wee 5 min 2142 28+3 12 X 3° 
ME f 2hr 2043 273 
B z 6hr 15 + 2+ 20 + 2* 
e 1 mo 942 
= Coe — C 45 + 12 
E. uc. 5 min 6 + 0.05 8+ 0.6 2+2 
BE ees 2 hr 4.5 + 0.03 7 € 0.6 
ET US » 6hr 2.5+ 0.03 4+0.5* 
E S. are 4+2 
|. 1AD | 6145 
Eos ce 5 min 9948 6545 69 4 
ES Lx 2 hr 104 X 6 7347 
EM 6 hr 120 + 9t 787 
.LCCM C 52+ 10 
| 5 min 24 04 36 +4 38 +9 
2hr 27 = 2° 41 + 3° 
6 hr 27+ 27 542*t 
1 mo 46 + 5* 





. . * P <0.05 compared with immediately preceding value; 
= t P «0.05 compared with value at 5 minutes. 

i. C = control before occlusion; LAD = left anterior descending cor- 
- onary arterial flow determined with microsphere injection; LCCM = 
_ transmural left circumflex coronary blood flow determined with mi- 
p crosphere injection. 


~i 
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- total ventricular mass and percent of the left circumflex cor- 
onary bed. These differences were significant at the 5 percent 
level. In dogs in Group 1, the group with the least time for 
- collateral development, the bulk of damage was in the necrotic 
| €o 'e zone, which constituted 49 percent of the group's average 
- infarct weight of 32 g. Most of the necrotic core zone was his- 
- tologically severely damaged in all three groups. The necrotic 
core zone constituted 49 percent of the total infarct zone in 
Group 1 but only 21 percent of this zone in Group 2, in which 
E collateral vessels had time to develop before occlusion. The 
. pattern of damage in Group 2 (4 days of occlusion) resembled 


Gr of Group 3 (1 month of occlusion), although dogs in 













xroup 3 had a larger jeopardized zone. Hemorrhage was 
present only in Groups 1 and 2 and was most severe in the 
schemic zones. 

Effect of collateral vessels on infarct size: To assess the 
effect of preexisting collateral vessels on infarct size in the 
Ye with occlusion only, infarct size expressed as a percent 
_ of total left ventricular weight was correlated with collateral 
- flow 5 minutes after occlusion in Groups 1 and 2. The corre- 
E (r = 0.96; y = 49.1 — 1.32x; P <0.05) indicated that 
_ collateralization before occlusion was a major determinant of 
infarct size. Group 3 was excluded from this correlation be- 
cause infarct size was influenced by tissue loss and scar con- 
traction over the month-long observation period. In Groups 
- 1and2 flow probe measurements made just before occlusion 
_ were compared with flow data in the left anterior descending 
. coronary artery 5 minutes after occlusion. There was no sig- 
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Infarct Characteristics in Dogs With Occlusion Only (Groups - 
1 to 3) (mean + standard error of the mean) | 








Group Group Group. 
1 2 3 
Infarct size* 
LV (96) 2943 172 841 
LCCA (96) 74 3 44 0 5 22 t1 
Weight (g) 3242 18 1 941 
Zone sizet 
Jeopardized 0 0 0 
Marginal 30 05 5716 29 13 
Ischemic 18 12 172 2142 
Core 495 2113 51+6 
Zone size! 
Jeopardized 1141 23 +2 36+ 3 
Marginal 10+ 1 10+ 1 3+0 
Ischemic 6 X 1 30 240 
Core 1642 4+0 4+0 
Zone necrosis 
Jeopardized 3+0 240 30 
Marginal 60 8 55 + § 497 
Ischemic 91:17 98 1 8 9549 
Core 96 t 1 95+ 1 100 +0 
Hemorrhage! 
Jeopardized 0 0 0 
Marginal 1+0 1+0 0 
Ischemic 26+ 0.4 1.4 + 0.4 0 
Core 0 0 0 





* Expressed as percent of left ventricular mass (LV), percent of left 
circumflex coronary arteria! region (LCCA) and weight of infarct. 

* Expressed as percent of weight of total infarct as determined by 
direct weight at time of necropsy. 

* Expressed as weight in grams as determined by direct weight at 
time of necropsy. 


$ Expressed as percent of total infarct as determined from histologic 
study. 
p; ANS from 0 to 4 as described under Methods. 


nificant difference between these values. Flow probe calcu- 
lations were based on the weighed tissue in the left circumflex 
bed made at necropsy. In Group 3 flow probe data showed 
flows of 72 + 10 ml/min per 100 g; flow assessed with micro- 
spheres averaged 52 + 10 ml/min per 100 g. 


Occlusion and Reperfusion (Groups 4 to 8) 


Heart rate and aortic flow: Table VI summarizes changes 
in heart rate and aortic flow for the groups with both occlusion 
and reperfusion. Aortic flow remained similar in all five groups 
up to 6 hours but showed a significant decrease at 25 hours in 
Groups 6 and 7. Heart rates were significantly elevated in all 
groups after 3 hours, but the increase in heart rate was 
markedly less in Group 4 than in the other groups with re- 
perfusion. Mean aortic pressure in the five groups did not 
respond consistently to occlusion, although it did change 
markedly for short periods immediately after occlusion in 
some animals. On reperfusion there were no significant 
changes in mean aortic pressure. 

Regional myocardial blood flow distribution: Data from 
the five groups are shown in Table VII. Total flow returned 
within 1 hour of reperfusion, and there was apparent stabi- 
lization of total flow by 72 hours of reperfusion. The distri- 
bution of regional myocardial blood flow to the four zones of 
the formerly occluded vascular bed appears to follow the 
pattern of Groups 1 to 3 (occlusion only). Flows to the endo- 
cardial zones (core and ischemic) started to increase within 
the first hour of reperfusion, as did flows to the epicardial 
zones (marginal and jeopardized). However, by 72 hours of 
reperfusion, when total flow appeared to be stabilizing in 
control ranges, flows to the most epicardial zone (jeopardized) 
remained at its increased level, whereas there was a marked 
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REGIONAL MYOCARDIAL BLOOD FLOW AFTER REPERFUSION—WHITE ET AL. 


TABLE VI 
Heart Rate and Aortic Flow After Occlusion and Reperfusion (Groups 4 to 8) (mean + standard error of the mean) 
Group Group Group Group Group 
Time 4 5 6 7 8 
E — —  .— A .  àAQO Hoat Rato (beats/min) — — 72 —— 
C 87 +3 94 14 8313 8104 87 X3 
5 min 95 13 99 +4 90+ 4 9004 90i 3 
3 hr 98 + 4* 120 + 5* 108 + 4* 109 + 5* 120 + 4* 
7 hr 121+ 4° 177 + 10° 137 + 5* 135 + 5* 152 t 7* 
25 hr 127 + 4* 175 + 11° 161+ 6* 150 + 6* 153 + 8* 
72hr 110 + 5* 125+ 5° 121+ 5* 119 + 5* 122 + 6* 
1 mo "cr SAN Ah SEL 8715 
Aortic Flow (ml/min) 
C 2175+ 217 2162 + 274 2241+ 186 2286 + 315 2166 + 314 
5 min 2180 + 236 2079 + 317 2160 + 137 2070 + 238 2166 + 218 
3 hr 2185 + 270 2160 + 284 2160 + 145 2180 + 280 1920 + 205 
7 hr 2541 + 314 2124 + 289 1644 + 195* 2160 + 280 
25 hr 1980 + 217 1925 + 236 1452 + 166° 2448 + 170 


1666 + 179° 
a 2088 + 130 


1 mo d "AF "yr 


* P «0.05 compared with the control value in the same group. 
C = control period before occlusion; 5 min = 
after 6 hours of occlusion and 1 hour of reperfusion; 25 hr — 


5 minutes after occlusion; 3 hr 
after 24 hours of occlusion and 1 hour of reperfusion; 72 hr = after 6 hours of occlusion 


= after 2 hours of occlusion and 1 hour of reperfusion; 7 hr = 


and 72 hours of reperfusion; 1 mo = after 6 hours of occlusion and 1 month of reperfusion. 


TABLE VII 


Regional Myocardial Blood Flow (ml/min per 100 g) After Occlusion and Reperfusion (Groups 4 to 8) (mean + standard 


error of the mean) 


nisiut ident REND D CNN e—a 


Group 6 Group 7 Gr 8 
Time Flow Time Flow Ti Flow 


3 


Region X A  7!ime  «XAT'ow SOE ee 


Myocardial Group 4 Group 5 
Region — Time Flow Time Flow 
Jeopardized 5 min 39 +4 5 min 37 +4 
3 hr 79 + 3* 7 hr 89 + 6 
72hr 82 + 3t 72 hr 80+7 
Marginal 5 min 32+ 8 5 min 35+3 
3 hr 60 + 3° 7 hr 82 + 6° 
72 hr 63 + 3! 72 hr 53 + 5*! 
Ischemic 5 min 2213 5 min 2404 
3 hr 57 + 5° 7 hr 712 8° 
72 hr 312: 4*f 72 hr 27 + 4* 
Core 5 min 6+2 5 min 4+2 
3 hr T32 7hr 4+2 
72hr 4:22 72 hr 342 
LAD 5 min 69 06 5 min 84 +6 
3hr 67+5 7 hr 109 + 6t 
72 hr 7418 72 hr 90 +7 
LCCM 5 min 37 i4 5 min 28 + 3° 
3 hr 75 +6* 7 hr 78 X 9*f 
72 hr 68 + 6t 72hr 51+6 


5 min 38+4 5 min 42+3 C 408 
7hr 83 045 25 hr 90 8 7hr 41 t 7* 
72 hr 7447 72hr 86 + 8t 1 MR 59+ 5*T 
5 min 35 +3 5 min 37+4 C 32 + 12 
7 hr 75+ 6* 25 hr 712+3° 7 hr 35 + 7° 
72hr 63 + 5! 72 hr 50 i 7*! 1 MR 411r 5*! 
5 min 2944 5 min 2043 C 2542 
7hr 65 + 5* 25 hr 41+ 6* 7 hr 29 + 4* 
72 hr 30 + 3*! 72 hr 12+ 2*! 1 MR 8+ 1* 
5 min 6 + 0.05 5 min 3+ 0.04 C 32:16 
7 hr 7 X 0.05 25 hr 4 + 0.04 7 hr 13 13 
72 hr 3 d 1*'! 72 hr 4 + 0.04 1 MR 8 X 1 
5 min 72+6 ` 5 min 75 16 C 70+6 
7 hr 89 + 8* 25 hr 105 + 7* 7 hr 111+ 6* 
72 hr 844+ 8 72 hr 8447 1 MR 68 + 6* 
5 min 3404 5 min 37 12 C 353 
25 hr 77 = 6* 25 hr 69 + 5* 7 hr 36+4 
72 hr 63 + 5*! 72 hr 59 + 4*T 1 MR 49+ 5*T 


So EE SEE OS SS Oe 0 0 eee 


* P «0.05 compared with the immediately preceding value. 
t P «0.05 compared with the value at 5 minutes. 


LAD = left anterior descending coronary arterial blood flow determined with microsphere injection; LCCM = transmural left circumflex coronary 


blood flow determined with microsphere injection; MR 


redistribution away from the core and ischemic zones. The 

core zone was small in the groups with reperfusion (Table 

VIII). Therefore, the sustained return to control levels in the 

jeopardized and marginal zones as a result of reperfusion and 

the redistribution of flow away from the large ischemic zone 

n the predominant features reflected in Tables VII and 
III. 

Morphologic infarct characteristics: Table VIII shows 
the morphologic characteristics, including the extent of 
hemorrhage, of the infarcts observed in Groups 4 to 8 (occlu- 
sion plus reperfusion). Dogs in Group 5, the group with the 
shortest interval for collateral development, had the largest 

- infarcts, as assessed from actual weight, percent of total left 
ventricular mass and percent of the left circumflex coronary 
arterial bed. These differences were significant at the 5 percent 


Rcs" 


a c a ET 


= 1 month of reperfusion; other abbreviations as in Table VI. 


level. Group 5 had the bulk of damage in the ischemic zone. 
In comparing data from Tables V and VIII the tissue salvage 


seen in Group 4 is a result of a decrease in size of both the — 
ischemic and the core zones together with an increase in the — 
size of the jeopardized zone. Reperfusion after more than 6 
hours of occlusion (Groups 6 and 7) did not increase infarct — 
size. Hemorrhage was present in both the ischemic and mar- — 
ginal zones of all groups. Its severity was greater in the isch- : 
emic zone and was greater than that observed in the groups — 


with occlusion only (Table V). 


Effect on infarct size of preexisting collateral vessels: - 
To assess the effect of preexisting collateral development on — 
infarct size in the groups with reperfusion, infarct size asa — 
percent of total left ventricular weight was correlated with — 


collateral flow at 5 minutes after occlusion in Groups 4 to 7. 
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k TABLE Vil | | 
E Infarct Characteristics in Dogs With Occlusion and Reperfusion (Groups 4 to 8) (mean + standard error of the mean) | 
f xui NE e E a rem aaa iaeia a aa E A 
: ? Group Group Group Group Group | 
eee Uu: 
Bas Infarct size — 
WE co ZEN (%) 5 + 3" 24 X4 1342 1742 112 1* 
F ^. LOCA (96) 13 + 4° 60 + 7* 314 4642 ER 
-Weight (g) 6 4 1* 26 + 4* 1342 1842 121° 
d Zone size — 
j (96 total inf)? 
XE Marginal 8245 2045 46 45 19 + 4* 27 +3* 
_  lschemic 9+ 3° 76 7* 48 + 3° 7145 35 + 4° 
Is. Core 9+ 1* 443° 6 + 4° 10 + 2° 39 + 4* 
-. . Zone size (g) 
| . Jeopardized 36 + 3* 17 3* 30 + 2° 2142 33 + 3* 
—» A .— Marginal 4rt1* E a 02717 94 1* E 
Ischemic 1+ 0° 20 + 3° 6+ 1° 13+ 1* 4+1* 
F . Core 10° 10* 10* 223 1* 5 X 1* 
_ Zone necrosis (96) 
|... Jeopardized 2+0 441 3+0 5+1 5+2 
1 . Marginal 48 t7 5445 46 t5 566 543 
-Ischemic 88 +8 92048 82437 90+9 95+2 
as € Core: 953 955 96 45 100 +0 1000 
| ge 
. Jeopardized 0 0 0 0 0 
.. Marginal 1+0 10 1.4 + 0.8* 1+0 1+0 
Ischemic 3 + 0.5* 3.8 + 0.2* 3.6 + 0.2* 2+0 2+0 
mas =, Doré 0.8 + 0.7* 10* 10* 0 0 


hs P «0.05 compared with Group 2. 
Abbreviations as in Table I. 
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. The correlation data (r = 0.74, y = 45.2 — 1.7x; P <0.05) in- 
- dicated that collateralization before occlusion and reperfusion 
: _ was a determinant of infarct size but a considerably and sig- 
. nificantly (P <0.05) lesser factor than in the groups with oc- 
- clusion only. Group 8 was excluded from this correlation be- 
| . cause infarct size was influenced by tissue loss and scar con- 
| traction over the month-long observation period. 

zu . Flow probe versus microsphere flow measurements: 
- Flow probe measurements in reperfused tissue in Groups 4 
- to 7 after 1 hour of reperfusion averaged 88 + 11 ml/min per 
E 100 g, whereas microsphere flow data averaged 75 + 10 ml/min 
_ per 100 g. After 3 days of reperfusion there was similar 
agreement between flow probe and microsphere flow values. 
. In Group 8 flow probe values (62 + 12 ml/min per 100 g in the 
| control period) were significantly different (P <0.05) from 
. microsphere flow values (35 ml/min per 100 g) determined 1 
. month later. After 1 hour of reperfusion flow probe values 
- averaged 57 + 8 ml/min per 100 g compared with the micro- 
sphere value of 36 + 4 ml/min per 100 g (P <0.05). There was 
only one flow probe measurement after 1 month of reperfu- 
- Sion; this showed a value of 55 ml/min per 100 g compared with 
(51 ml/min/100 g by microsphere measurements. 

_ Experiments to determine optimal microsphere pro- 
. cedures: Data from experiments to determine optimal mi- 
. erosphere procedures and possible loss from ischemic myo- 
. cardium are presented in Table II. Group A is a control group 
_ of dogs with normal tissue from both the left circumflex and 
_ left anterior descending arterial beds compared 3 days after 
. microsphere injection. There was a small but significant dif- 
_ ference (P <0.05) between the endocardial and epicardial 
. ratios between these two beds in this group without occlusion. 
- Dogs in Group B showed a small but significant (P <0.05) loss 
. of microspheres in both the endocardium and the epicardium 
_ of the ischemic left circumflex bed. When sample size was 
f increased (Group C), there was no significant loss of micro- 
_ Spheres in the ischemic zone. When the number of micro- 
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spheres injected was increased (Group D), the data indicated 
that microsphere loss in ischemic tissue after 2 to 4 days of 
occlusion is minimal even when sample size is small. Experi- 
mental Group 3 (animals with 1 month of occlusion) had a 
substantial loss of tracer microspheres in the endocardium 
(about 50 percent) and a small loss (about 15 percent) in the 
epicardium of the ischemic myocardium. Results in Group 8 
were similar, indicating no additional microsphere loss with 
reperfusion. 


Discussion 


This study confirms and extends our earlier obser- 
vations? and those of Herzel et al.! showing that blood 
flow within a developing myocardial infarct is redistri- 
buted during the first few hours of occlusion. These 
observations are extended to the reperfused myocardial 
infarct. We found that total and regional reflow mea- 
sured soon after reperfusion were poor predictors of the 
extent of tissue salvage because at 1 hour of reperfusion 
relatively high levels of reflow occur in tissues that are 
already undergoing necrosis. Thus, the extent of col- 
lateral circulation existing at the time of occlusion is a 
major determinant of the size of the ensuing infarct 
after both permanent occlusion and reperfusion. 

Because identifying tissue was important in this 
study, we showed that a myocardial infarct 3 or 4 days. 
after occlusion has a definite structure and can be sep- 
arated into reproducible zones in both the nonreper- 
fused and reperfused myocardium. The borders of the 
tissue perfused with radiolabeled and normal blood 
were closely matched to the dye delineators, so that only 
a small area of slightly contaminated tissue was present 
in the jeopardized zone. Herzel et al.! showed that the 
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X. amount of contamination could be predicted with this 
. method, and we verified this finding. Rivas et al.? con- 
— firmed that myocardial infarcts in the dog are hetero- 

. geneous, and that the relation between blood flow and 
— the extent of a myocardial infarct can be determined 
-~ only by comparing regional blood flow measurements 


with histologic assessment of the extent of the infarct. 
Thus, we employed this technique in our study. 

Correlation between extent of myocardial ne- 
crosis and regional blood flows early after coronary 
occlusion: Our results in the permanently occluded 
myocardium resemble those of Rivas et al.?; that is, we 
found a high correlation between the regional blood 
flows during the first few hours after occlusion and the 
extent of necrosis seen several days later. However, 
when this concept was extended to the reperfused 
myocardium, the relation became more complicated. 
We found that high levels of reflow in the marginal tis- 
sue early in reperfusion may indeed predict viable tissue 
several days later. But a similar flow to layers slightly 
more endocardial may be perfusing tissue that is already 
necrotic. Therefore, the early level of reflow as such will 
not predict future tissue viability. Jennings et al.!? 
showed that the posterior papillary muscle is subject to 
irreversible damage after a short period of ischemia and 
is poorly reperfused, if at all. Our observations were 
similar, but we found that the “‘no-reflow” (core) zone 
was quite small, about 0.5 to 1.5 g of tissue and that the 
ischemic zone, which was reperfused with reflow, was 
several times this size. Where this high level of reflow 
occurs in necrotic tissue, hemorrhage is likely. The most 
extensive hemorrhage was seen in the ischemic zone 
tissue in Groups 5 and 6. These were the groups 
subjected to occlusion for 6 hours. Hemorrhagic infarcts 
after 5 hours of occlusion and reperfusion have previ- 
ously been reported.!4 

We tested the hypothesis that coronary collateral 
vessels may enlarge in dogs that are chronically in- 
strumented for several weeks. This is demonstrated by 
the differences between ischemic and collateral flow in 
Groups 1, 2, 5 and 6. The dogs with the longest interval 
between instrumentation and occlusion had the smallest 
infarct size seen in each group. Bloor! has reported that 
collateral vessels may be influenced by chronic instru- 
mentation. 

Willerson et al.!6 stated that 3 minutes after regional 


reperfusion preceded by 2 hours of occlusion, the level 


of flow in animals on a right heart bypass is somewhat 
higher than that we found after 1 hour of reperfusion. 
We allowed 1 hour of reflow to occur before measuring 
regional myocardial blood flow. It is likely that our 
original reflow value would have been higher immedi- 
ately after reperfusion because our flow probe measured 
a 35 percent greater flow immediately after reperfusion 
than that measured 1 hour later with both flow probe 


and tracer microspheres. This early high reflow level is 


a result of reactive hyperemia.® It is likely that both 


~ reactive hyperemia and a redistribution of flow occur 





simultaneously and that both events could contribute 


M. . to changes of flow with time after reperfusion. Our data 
ko. suggest that the initial amount of collateral flow re- 
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ceived by the ahati myocardium together with the - 
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work demand on the myocardium at the time are the a | 
most important predictors of subsequent tissue viabil- 


ý » 


ity. 


Estimates of collateral flow necessary to prevent — 


necrosis and effect of reflow: To stabilize oxygen : 


consumption, considerable effort was made in preparing _ 


ve 


a standard model for these experiments. However, se- — 


vere tachycardia occurred after both occlusion and re- — 


perfusion. This increase in heart rate influenced myo- — 
cardial oxygen demands, as can be seen in the deuce 


in the nonischemic blood flow. As heart rate eme 


so did the nonischemic regional flow (r = 0.84). Because — 
we quantitated the collateral flow in various zones of the 


myocardium after occlusion and the amount of necrosis 
in these zones, we can make approximations of the in q 


nate collateral flow necessary to prevent necrosis and - 
the amount of flow that may be considered marginal. — 


E 


These estimates would apply only to the oxygen de- _ [ 


mands of the myocardium under these particular he- _ 


modynamic situations. If the normal zone flow is rep- — 
resentative of myocardial oxygen demands then this | 
flow, averaging 85 ml/min per 100 g, can be considered - 
a rough index of myocardial metabolic demand. We - 
found that blood flow of less than 30 ml/min per 100 g - 
resulted in large amounts of necrotic tissue, particularly 
in the endocardium, where metabolic demands may be ~ 
high. Flow of 30 to 45 ml/min per 100 g may be marginal, - 

depending on the demand, and an intermittent amount — 
of necrosis was found in these regions. Where the initial 


blood flow was greater than 45 ml/min per 100 g, almost 1 
no necrosis resulted. Reflow instituted after 6 hours or — - 


more of occlusion will not salvage ischemic tissue. In- 
deed, reflow to these zones may accelerate the damage 
by hemorrhage. In our study, a significant amount of — 
tissue was salvaged only in the group with reperfusion — 
after a 2 hour occlusion (Group 4). Only in this group 
was there less systemic hemodynamic deterioration 


we 
x . 
v 


than in the control group; this finding is similar to that A 
of other reports1417:18 of serious deterioration after re- 3 
perfusion. The liberal use of procainamide may have | P 


stabilized the condition of these Group 4 dogs, dimin- - 


ishing deterioration; that is, the frequency and severity - y 
of arrhythmias may have been sufficiently reduced to _ 


decrease infarct size. In animals undergoing reperfusion ^ 


n 


after 6 hours of occlusion, we saw significant hemody- | i 


namic disturbances and hemorrhagic infarcts, similar 


to those reported by others.!* Apparently, after 24 hours  - 
of occlusion and reperfusion (Group 7), the effects of k 
reperfusion were less evident. Tissue was not salvaged, 


but the hemodynamic deterioration was not evident and 


the amount of hemorrhage seen was less than that i in 3 


Groups 4 to 6. 
The concept of marginal and jeopardized zones: 


From this detailed analysis of flow to the various regions x 2 
of infarction, it is apparent that the concept of marginal 


tissue may have to be reconsidered. After the initial - 


occlusion, collateral flow follows a reasonably linear flow © 4 
gradient from the epicardium to the core of the infarct, - 


with the redistribution of flow occurring within the — 


developing infarct within the first few hours. The flow 
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| manifested a greatly extended jeopardized zone. The 





- iş then nonlinear. It seems that the majority of the flow 
goes to the noninfarcted jeopardized zone, while a rap- 

_ idly narrowing band of tissue may have an intermittent 
1 range of flows, and in the largest part of the infarct flows 


. will be very low. These changes appear to occur within 
_ the first few hours of occlusion and are very evident 
after several days. One month after occlusion we verified 


| bility of a very narrow border region in the dog infarct 
" was suggested by Schaper and his co-workers!??? and 


E . others.1521 Tt appears that once a critical level of de- 


creased flow is reached, the infarct may be self-per- 


3 . petuating because vessels are no longer able to carry 


. flow, either collaterally or with reperfusion. The in- 
. tegrity of the vessel after occlusion may be of critical 
- importance.?? The redistribution of flow away from the 
.. developing infarct may provide flow to more superficial 
. layers, but the narrowing of the marginal zone limits 
— within a few hours the potentially salvageable tissue. To 
. salvage myocardium after occlusion, myocardial de- 


3 _ mands must be reduced, collateral channels must en- 
5; large and vessels must be prevented from disrupting, 
dd E tias shifting the marginal zone to the jeopardized 


zone. b 
Although we did not measure the flow gradient across 


* : the jeopardized zone, the difference between large and 
small infarcts (Groups 1 and 2) depended primarily on 
the size of this zone. Small infarcts were mainly a result 
—— of an increase in the jeopardized zone rather than a 


. decrease in the size of the left circumflex arterial beds 
at risk. In our experiments left circumflex arterial bed 
size ranged from 26 to 45 percent of left ventricular mass 
buti in the majority of dogs was approximately 37 per- 
cent of ventricular mass. When the range of the size of 


| ihe arterial beds is narrow then the degree of collater- 
 alization would be the predominant factor in infarct 


size. However, a wide variation in the size of the beds at 
risk could be a major factor in determining infarct size, 
as has been reported.?? In our experiments small in- 
farcts tended to be patchier than large infarcts and 


-. flow to this zone was similar in all experiments; thus, it 


ETC pue wee 


» appears that increases in collateral flow tend to increase 
the size of the jeopardized zone rather than to increase 
flow to that zone. It seems likely that for tissue to be 
— classified as marginal or potentially salvageable, a rel- 
ely high level of flow of at least 30 ml/min per 100 
— gis critical. Future studies should carefully assess the 
— biochemical, mechanical and hemodynamic charac- 
teristics of the jeopardized and marginal zones if ther- 
apeutic interventions are to increase marginal flow or 
pee the region’s need for flow. 

- Because of technical limitations, most studies have 


$ j By scenario reported average values when grossly normal 
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. and grossly abnormal tissues interdigitate. Kirk et al.!? 


- reported that the flow level may be high or low on either 
. side of a narrow markedly interdigitating border zone. 


Our data also suggest that this is true once severe ne- 
. crosis is present. It is possible that this narrow margin 
may have some Wie sep transmurally. Therefore, the 


, 
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true character of both the aa be and the border zones 3457s 
remains to be detailed. | 

It is also unlikely that tissue sampling can be com- E 
pletely unambiguous, even in well defined infarct zones, _ 
because some infarcts may be patchy. Sampling of- 
several transmural layers when ambiguity exists seems 
the best alternative.? Because both sampling methods 
and inherent flow assessments lead to averaging, the 
sharp boundaries that may exist in infarcts are likely to 
be missed after both occlusion and reperfusion. 

By measuring infarcts in dogs after 1 month of oc- 
clusion, we assessed the effect of tissue loss on regional 
blood flow. Our data suggest that nearly half of the 
original infarct was lost because of scar retraction. 
Theroux et al.24 made a similar finding using ultrasonic 
dimension gauges in animals with long-term occlusion 
and reperfusions. Because of the tissue changes in these 
long-term studies, it is unlikely that flow calculated - 
from the earliest injections of microspheres will be ac- 
curate. This can be seen in the large standard error of 
the mean in flow values in the core zones in Groups 3 
and 8 during the control period. 

Accuracy of microsphere flow measurements: It 
is apparent from Table II that microsphere loss in 
ischemic tissue may be detectable (about 10 percent) 
within 2 to 4 days. The reason for this loss is obscure 
because significant tissue loss is not evident either 
grossly or histologically at this time. Increasing the 
sample size or the number of microspheres injected 
increases counting efficiency. The number of micro- 
spheres in 1 g of tissue when 2 X 106 microspheres are 
injected is about 500; this approximates the level at 
which regional flow measurements may have large er- 
rors.?? By increasing the number of microspheres in- 
jected these errors may be minimized not only in the 
region of reduced flow but also in normal zones or re- 
gions that were normal at the time of earlier injections 
but later became ischemic. The accuracy of these mea- 
surements will depend on the number of samples taken 
through the zone and on the number of microspheres 
found in small samples.?? As sample size gets smaller 
and when blood flow per unit mass of tissue is very 
small, the accuracy of the measurement becomes sus- 
pect.?? We injected large numbers (6 X 109) of micro- 
spheres in these studies. Even so, it is unlikely that re- 
sults of tissue samples of less than 0.5 g or flow levels 
lower than 10 ml/min per 100 g would have a high degree 
of accuracy. Millard et al.? showed that the problem of 
an adverse response to microspheres is related to the use 
of Tween 809 as a surface active agent rather than to the 
microspheres themselves. We observed the response 
reported by Millard et al. in about 15 percent of animals 
and never a second time in the same animal. These an- 
imals were always allowed to return to control condi- 
tions before further experiments were carried out. It is 
nevertheless possible that the large number of micro- 
spheres may have affected normal tissue. 

A close scrutiny of the histologic findings from normal 
zones showed no alterations that would occur if a sig- 
nificant number of capillaries were occluded. In animals 
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eto 1 month of occlusion or to didusion and 1 


E month of reperfusion, significant amounts of micro- 


_ spheres were lost, primarily from the endocardial re- 
| gin. The loss of microspheres can be explained by the 

. flow probe data because these data are based on tissue 

^ 2i weights at the time of necropsy. Because flow probe 
JM measurements showed significantly greater flow than 


.. that shown by the earlier injection of microspheres, one 


might conclude that the microsphere loss comes as a 


: - result of tissue loss. However, this loss does not alter the 


conclusions in the 1 month studies because whether the 
tissue flow is 2 or 8 ml/min per 100 g is not critical, be- 
cause both levels are well below that necessary to sustain 
cardiac viability. It is not clear whether there is signif- 
icant microsphere loss in marginal tissue subjected to 
long-term occlusion. Thus, accurately determining the 
amount of marginal tissue existing at any one time and 
the range of flows that denote marginal tissue may be 
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difficult in long-term experiments where there may be T. 


microsphere loss from earlier injections. However, there — 
is no evidence that microsphere data may be inaccurate — 
for necrotic tissue in which microspheres are not subject. às 
to loss due to tissue loss. » 
The dogs in group 8 were likely to have hemorrhagic — 
infarcts because they had 6 hours of occlusion before 
reperfusion. These dogs had infarcts that were still — 
hemorrhagic after 1 month, and the tissue loss was less | d 
than that in Group 3. The consequences of the roli io ; 
of a large hemorrhagic scar are unknown. m 
The determination of blood flow to the revascularized ` de 
heart, as has been measured clinically,” should be done — 
with the knowledge that the volume of early flow into - 
ischemic regions of the heart may not correlate well with — 
flow determined later. This disparity may bearesult of — 
redistribution and reactive hyperemia in the reperfused _ 
tissue. E 
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Devices for cardiac assistance are effective in supporting the failing cir- 
culation. In this study the effect of left ventricular to aortic assistance in 
salvaging ischemic myocardium was evaluated in dogs and compared 
with the effect of left atrial to aortic assistance. In a control group, there 
was good correlation between measurements of infarct size obtained with 
S-T segment mapping at 20 minutes, triphenyl tetrazolium chloride staining 
at 5 hours and determination of the distribution of radioactive microspheres 
(P «0.01). A servocontrolled roller pump used to control pump speed 
according to left atrial pressure allowed reduction of left ventricular 
pressure to 38 percent of systemic levels and provided stable bypass for 
prolonged periods. The pressure-time index was reduced to 37 percent 
of baseline levels (P <0.005). A reduced infarct size, as measured with 
S-T segment mapping and triphenyl tetrazolium chloride staining, was 
observed in Group Il, dogs given left ventricular to aortic assistance before 
occlusion of the left anterior descending coronary artery (P <0.05), and 
in Group Ill, dogs given assistance 20 minutes after occlusion (P « 0.05). 
Left atrial to aortic assistance did not reduce infarct size in this model. 
Electron microscopic studies confirmed the infarct distribution. Blood flow 
distribution measured with use of radioactive microspheres showed that 
in the ischemic area endocardial/epicardial ratio increased with left 
ventricular assistance; in the control group and with left atrial assistance 
the ratio decreased with the second occlusion ( P «0.05 ). Left ventricular 
to aortic assistance is thus superior to left atrial to aortic assistance in 
ability to salvage ischemic myocardium. The servocontrolled roller pump 
offers an effective, simple method of postoperative cardiac assis- 
tance. 


Cardiogenic shock after cardiac surgery may be unresponsive to in- 
traaortic balloon counterpulsation. Devices for circulatory assistance 
have been shown to be effective in supporting the circulation in this 
situation. Some current systems bypass the failing left ventricle using 
a simple roller pump from the left atrium!-? or from the left ventricular 
apex*® to the aorta. Others utilize an auxiliary ventricle from the left 
ventricular apex to the aorta.®’ In addition to supporting the circulation, 
cardiac assistance may result in the salvage of ischemic myocardium by 
increasing the oxygen supply/demand ratio.9? Previous studies!? have 
shown that left ventricular to aortic assistance is more effective than left 
atrial to aortic assistance in reducing myocardial oxygen consumption. 
Pennock et al.!! showed that the effectiveness of different degrees of left 
ventricular assistance was dependent on the size of the infarct. In their 
group with a large infarct only very high degrees of bypass were effective 
in reducing infarct size. In their small infarct model, lesser degrees of 
bypass were effective in reducing S- T segment elevation. A previous 
study from our laboratory!? showed that left atrial to aortic assistance 
effectively reduced infarct size in a small infarct model, but not in the 
large infarct model. | 
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FIGURE 1. Cannulation for study of the effects of left 
ventricular to aortic assistance on infarct size. The 
left ventricular cannula is passed by way of the left 
atrial appendage into the left ventricular cavity. The 
numbered points, about 1 cm apart, are the sites used 
for S-T segment mapping and subsequent measure- 
ment of radioactive microsphere distribution and 
electron microscopy. ECG = electrocardiogram. 


A high degree of bypass is required to effect a signif- 
icant reduction in oxygen consumption.19:13-16 This can 
be difficult to achieve with a roller pump because of the 
danger of cavitation and air embolism. A servocontrol 
mechanism was therefore developed to control a roller 
pump according to the left atrial pressure, which is ef- 
fective for both left atrial to aortic assistance? and left 
ventricular to aortic assistance.!? This study compared 
the effects on infarct size of servocontrolled left ven- 
tricular to aortic assistance with the previously reported 
effects!? of left atrial to aortic assistance. 


Methods 


Experimental groups: Twenty-five mongrel dogs weighing 
17 to 26 kg were studied. In Group I, seven control dogs, results 
of two 20 minute occlusions of the proximal left anterior de- 
scending coronary artery were compared, and infarct size at 
5 hours was correlated with data from the S- T segment map, 
radioactive microsphere distribution and triphenyl tetrazo- 
lium chloride staining.!? In Group II, seven dogs, results of a 
control occlusion were compared with results of an occlusion 
instituted after 5 hours of left ventricular to aortic assistance. 
In Group III, six dogs, only one occlusion was performed and 
left ventricular to aortic assistance was instituted after 20 
minutes of ischemia. The results in these groups are compared 
with the previously reported results of left atrial to aortic as- 
sistance.!? The experimental design and methods used were 
similar to those used in the previous study except for the 


» .. placement of the cannulas. 
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Procedures: The dogs were anesthetized with sodium 


. . pentothal, 25 mg/kg, intubated and ventilated with a con- 
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trolled volume respirator. Blood gases were monitored and the 
respirator was adjusted to maintain partial pressure of oxygen 
at about 100 mm Hg, partial pressure of carbon dioxide at 30 


to 35 mm Hg and pH at 7.35 to 7.40. The heart was exposed " 


through a median sternotomy and was suspended in a peri- 


cardial cradle. The internal mammary artery was cannulated _ 
for arterial pressure monitoring and the left atrium for pres- 
sure monitoring and injection of radioactive microspheres. — 
The left ventricle was cannulated at its apex with a rigid | 


cannula to measure left ventricular pressure and contractility 
(Fig. 1). The dogs were heparinized with 3 mg/kg body weight 


and supplementary doses of 2 mg/kg of heparin every 2 R- 


hours. 


The left anterior descending coronary artery was dissected —.— 


and snared at the junction of its proximal and middle thirds 
proximal to a major apical branch. Dogs whose coronary ar- 


terial anatomy did not conform to the basic distribution de- 3 


scribed were rejected. A heavy silk snare was passed around 


the vessel. Fifteen to 20 points for S- T segment mapping of à 


the epicardium were chosen (Fig. 1); the points lay in four 


horizontal rows 1 cm apart, each point separated by about 1 — 
cm. Epicardial electrocardiograms were obtained using a 
cotton-tipped electrode. The standardization was adjusted 
so that 1 mv caused a 1 mm deflection; S-T segment elevation _ 


of 2mm was considered significant. The number of points with 


significant elevation was recorded (nST) and a mean elevation : 


(ST) computed. 


Arterial pressure, left ventricular pressure and its first de- 


rivative (dP/dt) were recorded on a Brush recorder. The 


pressure-time index, calculated by multiplying the mean left | 2 


ventricular pressure by the duration of the ventricular curve 
per minute, was expressed in mm Hg/sec per min. Esophageal 
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temperature was monitored and a heating pad used to keep 
the temperature at 35 to 37? C. The surface of the heart was 
kept warm with moist pads at 37? C. 

Group I (seven control dogs): After baseline measure- 
ments were obtained, the coronary artery was snared. Elec- 
trocardiograms were obtained every 5 minutes for 20 minutes. 
At 18 minutes 4 million units of strontium-85-labeled mi- 
crospheres (15 u) was injected into the left atrium over 20 
seconds, and the line was flushed with 10 ml of saline solution. 
Release of the snare at 20 minutes was followed by a recovery 
period of 1 hour during which surface electrocardiograms were 


obtained every 20 minutes. The coronary artery was then 
snared for a second occlusion in the same location. Surface 
electrocardiograms were obtained every 5 minutes for 20 
minutes. At 18 minutes 4 million units of cerium-141-labeled 
microspheres (15 u) was injected in a similar fashion into the 
left atrium. The dogs were then kept in stable condition for 
5 hours with the artery occluded. Arterial gases and pH were 
monitored each hour and corrected as necessary. The he- 
matocrit was measured hourly and kept stable with blood 
transfusions and infusion of Ringer's lactate solution. Surface 
electrocardiograms were obtained every hour. Five hours after 








TABLE | 
Effects of Left Ventricular to Aortic Assistance on Hemodynamics 
Group Ill: 
Group |: Group Il: Delayed La-A 
Controls Two Occlusions Assist Assist 
(1st 20 min/ (1st 20 min/ (20 min occl/ (1st 20 min/ 
À 2nd 20 min) 2nd 20 min) 20 min assist) 2nd 20 min) 
_ Mean arterial pressure (mm Hg) 118 118 119 106 93 86 114 107 
da +7 +8 +9 +7 +6 +6 +6 +5 
.. Pulse rate (beats/min) 141 151 165 154 179 165 156 152 
2 +4 +4 +8 +10 +12 +12 +7 +10 
- . Systolic LV pressure (mm Hg) 135 132 131 41 110 47 137 123 
4 +10 +7 +13 +11 +5 +61 +6 +3° 
= Cardiac output (liters/min) 2.2 2.1 
E | +0.3 +0.2 
. . Pump flow (liters/min) 0 1.71 2.3 1.8 1.8 
E +0.12 +0.22 +0.20 +0.2 
E Percent bypass abs TAM 0 100 100 100 "yc 86 
— . Pressure-time index 3518 3360 3795 1395 3707 1913 4069 3442 
A (mm Hg/sec per min) +438 +286 +1202 +8867 +957 +1134? +236 +347* 
| * P «0.05. 
Re * P «0.005. 
| La-A Assist = left atrial to aortic assistance; LV = left ventricular. 
‘TABLE II 
E Effect of Left Ventricular to Aortic Assistance on Infarct Size and Blood Flow Distribution 
ay 
E Group l: Group II: Group III: 
h Controls Two Occlusions Delayed Assist La-A Assist* 
k (1st 20 min/ (1st 20 min/ (20 min occl/ (1st 20 min/ 
ke 2nd 20 min) 2nd 20 min) 20 min assist) 2nd 20 min) 
E. 
.  nST 7.2 10.0 7.3 9.6 4.4 8.5 7.9 
E 0.6 +0.98 £1.7 +1.44 +1.54t +0.7 +0.7 
BST 5.9 6.5 4.5 6.6 4.4 5.9 6.5 
* EN +1.1 +0.80 +0.61T +0.96 +0.46t +0.8 +0.9 
-~ nSTXST 45.2 66.6 38.2 65.0 21.4 52.9 51.5 
| +10.4 +11.9 11.2 12.7! +15.84 +8.187 $11.3 +10.4 
Infarct 14.5 9.98 10.8 11.6 
weight? +1.4 +1.31 +1.43 +1.6 
E (g/ 100 ml) 
^. Endo/Epi ratio 
|s Normal area . 1.11 1.05 1.18 1.02 1.03 1.11 1.03 
+0.05 +0.06 +0.02 +0.05* +0.01 +0.01 +0.07 +0.04 
F Ischemic area : 0.43 0.65 0.82 0.59 0.75 0.66 0.48 
| +0.05 +0.051 +0.07 +0.06T +0.06 +0.04t +0.04 +0.10t 
| * The effects of left atrial to aortic (La-A) assistance on infarct size and myocardial blood flow distribution, as previously reported, '? are shown 
in iis UE. 
P « 0.05. 


s t As determined with triphenyl tetrazolium chloride staining at 5 hours. 


= . Assist = assistance; endo/epi ratio = endocardial/epicardial ratio; nST = 
_ ST = mean elevation of S-T segments. 
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number of points with S-T elevation greater than 2 mv; occ! = occlusion; 
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the second occlusion, the heart was rapidly excised and im- 
mersed in iced saline solution. The heart was sliced in 1 cm 
thick rings, each containing a row of epicardial marking su- 
tures (Fig. 1). Biopsy specimens were taken from each epi- 
cardial site and from the adjacent normal myocardium in the 
rings involved by the infarct. These were submitted for his- 
tologic and electron microscopic studies. The rings were then 
incubated for 10 minutes in a warm solution (37° C) con- 
taining triphenyl tetrazolium chloride, as described by Lie et 
al.!7 The infarct was delineated as a gray area; the surrounding 
normal area was a brick-red color. The unstained area was 
weighed separately and the result expressed as a percent of 
left ventricular weight. A correction was made for areas that 
showed only a patchy infarct. Biopsy specimens were taken 
for electron microscopic studies from each S-T site, from the 
center of the triphenyl tetrazolium chloride-delineated infarct, 
from the margin and from the normal area. A tracing was 
made of the infarct distribution. Each ring was then sliced into 
segments, each about 1 cm square to include one epicardial 
marking suture, and divided into epicardial and endocardial 
portions; the right ventricle was submitted separately. Ra- 
dioactivity was measured in a Picker gamma scintillation 
counter for 7 minutes. The results were expressed as a percent 
of the nonischemic area in counts/g and the epicardial/en- 
docardial and cerium/strontium ratios were computed. 
Group II (left ventricular to aortic assistance before 
occlusion, seven dogs): A similar procedure was followed in 
Group II, but left ventricular to aortic assistance was insti- 
tuted before the second occlusion. The left ventricle was 
cannulated by way of the left atrial appendage with a large 
bore venous cannula, with drainage holes in both the left 
ventricle and the left atrium; the blood was reinfused through 
a cannula in the carotid artery. A single head roller pump was 
used for assistance. The servomechanism previously de- 
scribed? adjusted the pump speed according to the atrial 
pressure. In these seven experiments left ventricular to aortic 
assistance was instituted just before the second occlusion and 
continued for 5 hours. At 1 hour, assistance was discontinued 


. for 5 minutes, and the effect on the S-T segment map was - 


Jouet 










Group III (left ventricular to aortic assistance after | 
occlusion, seven dogs): In this group, only one occlusion. Was A 
used, and left ventricular to aortic assistance was institute 
after 20 minutes of occlusion. The injection of microspl ores | 
was made into the left ventricular catheter rather than | nto | 
the left atrium while the dogs were on left ventricular to aortic - 5 
assistance. During this time total bypass was achieved andan _ 
attempt made to reduce the left ventricular pressure to ap- 4 
proximately 50 percent of the arterial pressure. | " 

Student's t test for paired data was used to test the sig- l 
nificance of differences between mean values.!$ | ^ E 
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Results m 
Group I: The hemodynamic findings in the control animals. E 
during the two periods of ischemia are shown in Table I. There - 
was no significant difference between the first and second . 
occlusions. There was also no significant change in the 8-T: 3 
map (Table II). There was excellent correlation between the — 
distribution of radioactive microspheres and the degree of S-T 
segment elevation (P «0.01). The endocardial/epicardial d 
remained unchanged in the nonischemic area but decreased — 
in the ischemic area (Table II). There was also excellent cor- - 
relation between the distribution of the triphenyl tetrazolium 5 
chloride stain and the S-T map. The mean infarct weight, as- | 
shown by the triphenyl tetrazolium chloride stain, was 14.5. 
+ 1.4 g/100 g left ventricular weight. In five of the six hiari d 
the infarct was diffuse and solid. In the remaining heart the - E 
infarct mainly involved the inner half of the myocardium. | 
Electron microscopic studies showed severe ischemic damage | 
in the infarct center, with variable changes at the margin and - 
no changes in the nonischemic myocardium. 
Group II: The hemodynamic effects of left ventricular t ea 
aortic assistance instituted in this group just before the second . 


occlusion are shown in Table I. The servomechanism allowed _ 
complete bypass, and no dogs died of air embolism. During. 
the 5 hour period of occlusion, the servocontrol reliably ad- 5 
justed the pump flow. After institution of assistance (Table — 

I), there was a statistically significant reduction in the systolic 
left ventricular pressure (Fig. 2) and in the soar ae a J 
index (P«0.005) B. 
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—— FIGURE 3. The effect of left ventricular to aortic (LV-A) assistance on 
—. infarct size as measured by S-T segment mapping in an experiment 
from Group II. During the second occlusion, the product of nST (number 
-of sites with more than 2 mm S-T segment elevation) and ST (mean S-T 
. segment elevation) is markedly reduced. 


— Left ventricular to aortic assistance resulted in a signifi- 


cant reduction in infarct size as measured with S-T segment 


mapping (Table II, Fig. 3). Discontinuing assistance for 5 
minutes at 1 hour resulted in an elevation in S-T segments; 

the segments returned to previous levels after institution of 
assistance. 


Injection of microspheres showed a reduction in flow in the 


— area of the infarct (Table II), primarily in the subendocardial 
- area, However, the endocardial/epicardial flow ratio in the 


ischemic area increased during the second occlusion with left | 


ventricular to aortic assistance, whereas it decreased in our 
control group and in the group with left atrial to aortic assis 
tance previously reported on (Table II, Fig. 4). | 

Infarct weight (Table IT) was significantly less in this group 
than in the control group (P «0.05), and the infarct itself 
tended to be more patchy and to lie mainly in the subendo- 
cardial area. Electron microscopic studies of multiple biopsy 
specimens also showed less striking and more variable isch- 
emic changes in the area of the infarct in this group than in 
the control group. 

Group III: In these seven dogs left ventricular to aortic 
assistance was begun after 20 minutes of ischemia. The effects 
of this assistance on hemodynamic variables are shown in 
Table I. As in Group II, there was a statistically significant 
reduction in infarct size as measured with the S-T map (Table 
II, Fig. 5). The distribution of radioactive microspheres was 
also similar to that in Group II. The endocardial/epicardial 
ratio increased 20 minutes after the onset of assistance as in 
Group II. The infarct was also less diffuse than in the control 
group. 

Left atrial to aortic assistance: The reported effects of 
left atrial to aortic assistance on hemodynamics, infarct size 
and blood flow distribution are shown in Tables I and II.!? The 
hemodynamic data were similar to those of the present groups 
except that left ventricular pressure remained at systemic 
levels in contrast to findings in our Groups II and III with left 
ventricular to aortic assistance (Fig. 2). In addition, the 
pressure-time index was significantly reduced but to a lesser 
degree than in Groups II and III. Infarct size was not signifi- 
cantly reduced with left atrial to aortic assistance (Table II). 
'The endocardial/epicardial blood flow ratio in the ischemic 
area was reduced during the second occlusion, as in our control 
group, in contrast to the increased ratio in our groups with left 
ventricular to aortic assistance (Table II, Fig. 4). 


Discussion 


Effect on myocardial perfusion: Infarct size was 
measured with three techniques to avoid the limitations 
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FIGURE 4. The endocardial (endo) to epicardial ratio of 
microsphere distribution in the ischemic area for the three 
experimental groups at the end of the first 20 minute 
period of ischemia. Both the control group and the group 
with left atrial to ventricular (La-A) assistance show a 
reduction in the endocardial to epicardial ratio while the 
left ventricular to aortic (LV-A) assist group shows a rise 
in this ratio. — l l 
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i3 o jd oe II) or 20 minutes after (Group III) occlusion. 


E E | ots anyo one SES The method of S-T siemens map- 


, as described by Maroko et al.,!? has received wide 
E: - . application, although its reliability has been ques- 

. tioned. 20 A cotton-tipped electrode was used in our 
s E judy, rather than a grid as described by others,! to 
avoid displacement of the electrodes as left ventricular 


— . decompression reduces heart size. In all groups, the S-T 
~. segment map correlated well with the distribution of 


coronary blood flow as measured with radioactive mi- 


.  erospheres and the triphenyl tetrazolium chloride 


. Stain.!? Although some authors?-2? have found a weak 
- correlation between epicardial S-T segment elevation 


. . and myocardial blood flow, others?? have found a good 


correlation between these variables. In our study there 
was excellent correlation (P <0.01) between the degree 
of S- T elevation and the reduction of flow as indicated 


_ by the radioactive microsphere distribution. In the 


control group there was a reduction in the endocar- 
dial/epicardial ratio of microsphere distribution in the 
ischemic area between the first and second occlusions. 


-= This was also found in the previously reported study of 


left atrial to aortic assistance.!? In contrast, left ven- 
. tricular to aortic assistance resulted in an elevation of 
the endocardial/epicardial ratio in the normal area in 


—. Group II (P <0.05) and in the ischemic area in Group 


III (P «0.05, Fig. 4). In our control group and in the 
groups with left atrial to aortic assistance previously 
reported on, we believe that the first occlusion possibly 
left some residual subendocardial damage or edema that 
resulted in the reduced perfusion during the second 
occlusion. However, with left ventricular to aortic as- 
sistance, the reduction in left ventricular pressure re- 
sulted in improved subendocardial perfusion (Table 
I). 

Effect on infarct size: The triphenyl tetrazolium 
chloride stain has been shown to delineate reliably an 
infarct of several hours’ duration.!" In this study the 
triphenyl tetrazolium chloride stain distribution was 
corroborated with electron microscopic studies that 
showed severe damage in the unstained area and minor 
changes or normal myocardium in the stained areas. 
'There was also excellent correlation between the dis- 
tribution of radioactive microspheres and the results of 
triphenyl tetrazolium chloride staining. Infarct weight, 
as measured with this stain, was significantly less (P 
<0.05) in the groups with left ventricular assistance 
than in the control group or the animals with left atrial 
to aortic assistance (Table II). 

The infarct produced in this study was a large one 
caused by occlusion of the proximal left anterior de- 
scending coronary artery rather than a diagonal branch 
of this artery. It has previously been shown!! that only 
high degrees of bypass are effective in a large infarct 
model. This finding was confirmed in our previous 
study,!? which showed that left atrial to aortic assistance 
reduced infarct size in a small infarct model but was less 
effective when the proximal left anterior descending 
coronary artery was occluded (Table II). In contrast, left 
. ventricular to aortic assistance effectively reduced in- 
_farct size whether it was started immediately before 


three conta be weaned from bypass only with Mi a 
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FIGURE 5. Effect of left ventricular to aortic (LV-A) assistance on = 
size from an experiment in Group IIl where assistance is instituted after 
20 minutes of occlusion. Left ventricular to aortic assistance causes - 

a reduction in the product of nST (number of sites with S-T segment 
elevation) and ST (mean S-T segment elevation). When left. ventricular - 
assistance is discontinued for 10 minutes, there is a marked elevation — 

in this product, which is again reduced by reinstitution of left venie E 
to aortic assistance. 


Left ventricular to aortic assistance effectively re- 
duced left ventricular pressure below systemic levels | 
(Table I), whereas left atrial to aortic assistance even 
of high degree did not reduce left ventricular systolic - 
pressure (Fig. 2).!? It has been shown that the major — 
determinant of myocardial oxygen consumption is — 
pressure rather than volume work.” In our study, left 
ventricular to aortic assistance resulted in a far great er » 
reduction in the pressure-time index (63 percent), than d 
did left atrial to aortic assistance (15 percent) (Table T 
It is therefore not surprising that left ventric 
aortic assistance was more effective in reducing infarct. 
size. iS W 

Clinical applications: Cardiac assistance. ae now 
being applied clinically.” Left atrial to aortic aA 
used by Litwak et al.,? has been effective in salvaging 
life. The device used consists of a simple roller | pump | 
with silicone rubber cannulas, attached to the left ; 
atrium and the aorta, which can be obturated a ft 
implanted after disconnection. We have reported? or on 
our experience with this device in three patients; all - 









































i TUNES UM and one of ham is currently a 3 year survivor. 
~ A second device now being tested clinically consists of 
. a pneumatically driven single-chambered pump with 
a polyurethane bladder, which pumps blood from the 
- left ventricular apex to the abdominal or thoracic 
. aorta.9? This device can be either implanted in the 
— abdomen’ or placed extracorporeally on the chest.9 
. Although the clinical results of the abdominal device for 
_ left ventricular assistance have been disappointing in 
.— terms of survival, this may be due to resorting to cardiac 
assistance too late in the patient's course. Clinical ex- 
. perience has demonstrated that cardiac recovery occurs, 
allowing disconnection from the assist device, but that 
 multiorgan failure often ensues as a complication of the 
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low output state that precedes institution of assis- 
tance.” 

Our study suggests that there is an advantage in left 
ventricular to aortic assistance over left atrial to aortic 
assistance for salvage of ischemic myocardium. Using 
cannulas that have been developed for left ventricular 
apical insertion,45 the servocontrolled roller pump of- 
fers a simple method for postoperative cardiac assis- 
tance. 
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Recent advances in understanding of the pathophysiology of myocardial - E 
necrosis indicate the need for a noninvasive method that will allow de- 


tection and quantification of infarcts in the first few hours after the onset — 
of infarction. Myocardial infarct scintigraphy using technetium-99m — 
glucoheptonate is capable of detecting infarction in dogs and man within — 
4 to 6 hours of onset. Studies were performed in 45 dogs with acute - 
myocardial infarction: 28 with an anterior infarct, 5 with an inferior Wee 


6 with an anterior infarct studied after infusion of mannitol and 6 with li- - T 


gation of the left anterior descending coronary artery and reperfusion of 


e 


the ischemic area. The dogs were given 20 mCi of technetium-99m gu. 3 A 


coheptonate 1 hour after coronary occlusion, subjected to imaging 5 to — 
9 hours later and then killed. The experiments revealed that (1) scintig- — 


raphic infarct size correlated with infarct weight for anterior (r = 0. 85) E 


and inferior (r — 0.88) infarcts; (2) technetium-99m glucoheptonate also - 
concentrated in a rim of myocardium around the infarct that probably 


represented the ischemic zone; and (3) technetium-99m glucoheptonate i 


uptake by infarcted myocardium could be greatly increased with mannitol 
and reperfusion. 


Direct noninvasive visualization of experimental myocardial infarcts < 
using an infarct-avid radiopharmaceutical agent was first accorpliiieed d 
by Carr et al.? in 1963 with mercury-203 chlormerodrin. Myocardial | 
infarct scintigraphy did not become practical and acceptable clinically — 


A. 


until Holman et al.? introduced the use of technetium-99m tetracycline, — 


ushering in a new era in the diagnosis and quantification of acute myo- 


cardial infarction. They demonstrated that technetium-99m tetracycline 3 


accumulates preferentially in acute myocardial infarcts, permitting - 
external detection 24 to 48 hours after the onset of infarction. Bonte and . 
his co-workers? later reported on the value of technetium-99m pyro- - 


phosphate as an imaging agent. Images of sufficient quality to allow — | 


quantification of infarct size in dogs* and man? were shown to be ob- 


tained reliably in infarcts at least 24 hours old. 
Concurrently, other investigators, notably Maroko et al. and Jennings 


et al." demonstrated that experimental ischemic myocardial necrosis _ 
evolves gradually over a number of hours so that a variety of therapeutic 


interventions can potentially stop or even reverse the process. Best es- — 


timates indicate that this critical period from onset to completion of — 


myocardial necrosis may last as long as 6 to 18 hours after coronary li- — | 


gation in the dog.7-? Thus, ischemia-damaged portions of myocardium 
that would otherwise undergo necrosis are potentially salvageable during A 


the initial hours after coronary occlusion. Although this revolutionary D. 4 


concept has not been confirmed in man, the preliminary evidence is fa-  . 


vorable.19.!1 Hence, there exists the need for a noninvasive method of — 


detecting and estimating infarct size in the first few hours after the onset _ 


wy 
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of infarction. Our group has been exploring one such 
method: myocardial infarct scintigraphy utilizing 
technetium-99m glucoheptonate. The latter radio- 
pharmaceutical agent is capable of detecting and lo- 
calizing acute myocardial infarcts in dogs!?-14 and 
man?»:16 within 4 to 6 hours of onset of infarction. This 
communication reports on basic studies on myocardial 
localization of technetium-99m glucoheptonate and on 
quantification of myocardial infarcts utilizing this 
agent. 


Material and Methods 
Experimental Model 


Mongrel dogs weighing 15 to 27 kg were anesthetized with 
sodium-pentobarbital (25 mg/kg body weight). In most of the 
animals, the heart was exposed through a thoracotomy in the 
sixth left intercostal space, the pericardium was opened and 
a pericardial cradle constructed. The left anterior descending 
coronary artery was ligated distal to the origin of the first di- 
agonal branch, usually 2 to 3 cm from its origin, or the left 
circumflex coronary artery was ligated proximal to the origin 
of the obtuse marginal branch. In several of the later studies, 
either the left anterior descending or left circumflex artery was 
occluded by embolization of a metal bead of appropriate size 
through a Judkins L-4 coronary arterial catheter. This was 
done to avoid uptake of technetium-99m glucoheptonate in 
the surgical wound and to prevent the interference caused by 
overlap of this uptake with that in the myocardial infarct. In 
a separate subset of dogs, reversible coronary occlusion was 
produced by means of a modified Fogarty balloon catheter 
attached to an 8 mm Dacron? cuff. 'T'he balloon was inflated 
externally around the artery, producing the occlusion. 

The 45 dogs with acute myocardial infarction that were 
studied were grouped as follows: 

Unmodified infarct group (33 dogs): Twenty-eight dogs 
underwent occlusion of the left anterior descending coronary 


FIGURE 1. Technetium-99m glucohepto- 
nate scintigrams in two dogs with an acute 
experimental myocardial infarct. Left, right 
anterior oblique view of a 7 hour old ante- 
rior infarct (arrow). Right, left anterior 
oblique view of a 5 hour old inferior infarct 
(arrow). In both scintigrams, the large 
white area under the infarct represents 
uptake in the liver. 


artery and five occlusion of the left circumflex coronary artery, 
resulting in an anterior and diaphragmatic infarct, respec- 
tively. No dog in this group received any treatment except for 
occasional intravenous administration of lidocaine to prevent 
ventricular arrhythmias. 

Mannitol group (six dogs): Anterior wall myocardial in- 
farction was induced in six dogs by occlusion of the left ante- 
rior descending coronary artery. Fifteen minutes after oc- 
elusion, 200 cc of 25 percent mannitol was administered in- 
travenously over a period of 50 minutes. Additional doses of 
90 cc of 25 percent mannitol were given every 3 hours until the 
dogs were killed 8 to 10 hours after infarction. 

Reflow group (six dogs): In six dogs, the left anterior 
descending coronary artery was reversibly occluded by in- 
flation of the modified Fogarty catheter. T'he effectiveness of 
the occlusion was confirmed with selective coronary arteri- 
ography and the thoracotomy closed. Occlusion was main- 
tained for 30 minutes to 3 hours. Reperfusion of the previously 
ischemic region was effected by deflation of the balloon and 
maintained until the dogs were killed 8 hours after the initial 
coronary occlusion. 


imaging Studies 


Dogs in all groups were given an intravenous injection of 15 
to 20 mCi of technetium-99m glucoheptonate 1 hour after 
coronary occlusion. Imaging was performed with a Picker 
Dyna Camera 2C. Scintigrams were obtained in four projec- 
tions (left lateral, left anterior oblique, anterior and right 
anterior oblique) 5 to 9 hours after injection (6 to 10 hours 
after infarction). All studies were recorded on videotape for 
permanent storage and on Polaroid? film. 

Scintigraphic infarct size was determined using planimetry 
of the area of abnormal uptake in the region of the myocar- 
dium. For anterior wall infarcts (produced with occlusion of 
the left anterior descending coronary artery), the right anterior 
oblique projection was used because the cross-sectional area 
of the infarct tended to be best defined in this view (Fig. 1, 
left). For inferior wall infarcts (produced with occlusion of the 
left circumflex coronary artery), planimetry was performed 
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FIGURE 2. Nitro blue tetrazolium method for the gross delineation of 
recent myocardial infarction. The heart is sectioned from apex to base 
in a plane parallel to the atrioventricular groove. The ventricular slices 
are then incubated for 15 to 30 minutes at 36? C in a solution of nitro 
blue tetrazolium in Sorensen's buffer. 17 


:|5- 30 min at 36°C 


on the left anterior oblique projection because the cross-sec- 
tional area of these infarcts tended to be greatest in this pro- 
jection (Fig. 1, right). Polaroid? photographs of myocardial 
scintigrams were projected to life size with an opaque projector 
and their outline traced on a sheet of white paper, using a 
standard projector-to-paper distance. This distance was de- 
termined by obtaining a Polaroid photograph of two cobalt-57 
markers positioned 8 inches (20 cm) apart, 5 cm in front of the 
gamma camera detector. 'T'his photograph was then projected 
at a distance that produced an image in which the radioactive 
markers were 8 inches apart. The lower border of inferior wall 
infarcts was frequently contiguous with the silhouette of the 
liver in technetium-99m glucoheptonate scintigrams (Fig. 1, 
right). The inferior border of the infarct was determined by 
extrapolating the edge of the liver under the infarct from its 
visible borders at both sides of the infarct. This line and its 
continuation around the visible lateral and superior borders 
of the area of technetium-99m glucoheptonate uptake over 
the heart delineated the boundaries of the myocardial infarct 
for the purposes of planimetry. 


Postmortem Studies 


After completion of the imaging studies, the dogs were killed 
with an overdose of pentobarbital. The following studies were 
then carried out: 

Isolated heart and ventricular slices: Scintigrams of the 
isolated heart were obtained immediately upon removal, in 
an approximately anterior position. The heart was then sec- 
tioned from apex to base every 7 to 9 mm, in a plane parallel 
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FIGURE 3. Postmortem studies performed on cardiac slices. Top, 


scintigram of isolated ventricular slice shown in the center panel. In- — d 
tense concentration of radioactivity corresponds to the location of the — 
infarct as shown in the bottom panel. The outline of the unlabeled  . 


myocardium is indicated by the dashed lines. Center, appearance of 
cardiac slice before nitro blue tetrazolium incubation. Barely perceptible 


area of discoloration is seen in the left anterior wall (arrows). Bottom, - E. 


same cardiac slice shown in center panel after incubation in nitro blue 
tetrazolium solution. The transmural infarct is now clearly delineated 
as a light area (arrows). Normal myocardium stains dark blue (black 
in photograph). 


to the atrioventricular groove (Fig. 2), and each slice was im- 
aged (Fig. 3, top) and weighed. 

Histochemical and histological procedures: All infarcts 
in this study were between 6 and 10 hours old when the dogs ~ 
were killed. Infarcts of such recent onset are barely visible on 
gross examination of the pathologic specimen and their bor- 
ders are not clearly defined (Fig. 3, center). To circumvent this 


difficulty, nitro blue tetrazolium staining for the gross dem- | 
onstration of myocardial dehydrogenases was performed on 


the ventricular slices (Fig. 2). This technique, as described by 
Nachlas and Schnitka,!" provides an accurate gross delinea- 
tion of recent myocardial infarcts. Normal myocardium that 
is stained blue is clearly differentiated from the unstained 
infarcted tissue (Fig. 3, bottom). 

Blocks of tissue from the infarct and adjacent normal 
myocardium were fixed in 10 percent buffered formalin, em- 
bedded in paraffin and stained with hematoxylin-eosin, pe- 
riodic acid-Schiff stain with and without diastase digestion 
and the Alizarin red method for calcium. | 

Calculation of infarct weight: Color transparencies of — - 
the ventricular slices were obtained after nitro blue tetrazo- ^ . 
lium incubation. These photographs, which showed a clear 
delineation of the infarcted areas (Fig. 3, bottom), were pro- 
jected and traced, thus providing a map of the infarct in each 
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. ibility of the method, repeat measurements were obtained and 
p _ the values were consistently within 3 percent of each other. 

-» Myocardial levels of radioactivity: The distribution of 
2 . technetium-99m glucoheptonate uptake at the tissue level was 
£ determined by scintillation well counting of small myocardial 
. samples (20 to 200 mg each). Transmural infarcts were divided 
into three zones: subendocardial, mid zonal and epicardial. 
Several samples from each of these zones were obtained, 


= 
b. 


M: 


A" 


E 
.. weighed and counted in a scintillation well counter. An aver- 

. age number of 15 samples per infarct were counted. In addi- 
— tion, five consecutive narrow bands (approximately 10 by 1 
- by 1 mm) immediately adjacent to the lateral and septal 
1 . borders of the infarct defined with nitro blue tetrazolium 
. staining were dissected and counted. These small myocardial 
— samples were obtained from positive stained areas immedi- 
. ately adjacent to the infarct. This study of the uptake of 
_ technetium-99m glucoheptonate by the border zone was 
_ performed in 13 dogs with a transmural infarct from the 
| control (unmodified infarct) group. Myocardial levels of 
_ technetium-99m glucoheptonate uptake were expressed as 
infarct/normal myocardium ratios. Normal myocardium was 
obtained from the uninvolved areas of the left ventricular wall, 
. remote from the region of the infarct. 
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... FIGURE 4. Determination of myocardial infarct weight based on tracings 
.. of infarcts outlined with the nitro blue tetrazolium method. * These values 
E were obtained by averaging the infarcted areas present in both surfaces 
à . of each slice. t There is no visible infarct in the basal surface of slice 
... E although its apical surface contains an infarct of approximately equal 

. area ot that present in the basal surface of D. This area is halved and 
.. multiplied by the weight of slice E to obtain the weight of the infarct in 
slice E. 
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Scintigraphic demonstration and localization of 
experimental myocardial infarcts: All dogs showed 
unequivocal uptake of technetium-99m glucoheptonate 
in the infarct and border definition sufficient for re- 
producible planimetric measurement at the time of 
imaging (6 to 9 hours after injection, 7 to 10 hours after 
infarction). The five inferior wall infarcts resulting from 
occlusion of the left circumflex artery were readily dis- 
tinguishable from the anterior wall infarcts produced 
by occlusion of the left anterior descending coronary 
artery. The left and right panels of Figure 1 show the 
typical appearance of an anterior and inferior infarct, 
respectively. The cup-shaped area of uptake seen in the 
inferior infarct in the left anterior oblique view was 
clearly visible in all cases in spite of continuity with the 
activity in the liver. In some cases, a portion of the in- 
farct border overlapped slightly with the liver and the 
border had to be estimated. No differences were noted 
between the scintigrams of the control group and the 
group receiving mannitol. However, the three dogs with 
reperfusion in which transmural infarcts developed 
showed substantially more uptake in the infarct area 
than the other animals. 

Quantification of acute experimental myocardial 
infarction: Anterior wall infarcts: Figure 5 illustrates 
a strongly positive correlation between scintigraphic 
infarct size in the right anterior oblique view and infarct 
weight determined at autopsy for the animals with an 
anterior wall infarct (correlation coefficient [r] = 0.85). 
In these dogs infarct weight varied over a wide range 
(from 0.5 to 28 g) in spite of a relatively uniform level 


QUANTIFICATION OF EXPERIMENTAL MYOCARDIAL 
INFARCTION WITH °° "Tc-GLUCOHEPTONATE 


r= 0.85 
y= 4.86+0 58x 
n=28 


Cross-sectional area of infarct in RAO view (cm?) 





5 10 15 20 25 30 
Infarct weight (grams) 


FIGURE 5. Correlation between scintigraphic cross-sectional infarct 
area in the right anterior oblique (RAO) view and infarct weight deter- 
mined at autopsy in 28 dogs with an acute anterior myocardial infarct. 
n = number of dogs. 
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of. occlusion of the left anterior descending coronary 
. artery just beyond the major diagonal branch or ap- 
‘proximately 2 cm from its origin. 

Inferior wall infarcts: Figure 6 illustrates a similar 
. positive correlation between the cross-sectional area of 
. technetium-99m glucoheptonate uptake in the left an- 
. terior oblique projection and actual infarct weight in five 
dogs with an inferior wall infarct (r = 0.88). This ex- 
cellent correlation was obtained even though uptake 
over the infarct area was contiguous with the activity 


e . within the liver. 


Technetium-99m glucoheptonate concentration 


. within experimental myocardial infarction: Un- 


modified infarct group: Scintillation well counting of 
multiple small samples. of tissue from the infarct, im- 
mediately adjacent regions and remote normal myo- 
cardium demonstrated that technetium-99m gluco- 
heptonate is highly concentrated in the infarct. The 
peripheral zone of the infarct was compared with the 
center. Relative uptake was expressed as infarct/normal 
myocardium ratio. A gradient of uptake was a constant 
- finding in both anterior and inferior wall infarction. In 
the unmodified infarct group, the average infarct/nor- 
mal myocardium ratio ranged from 21:1 at the periphery 
to 5.5:1 at the center. However, the so-called doughnut 
sign, the presence of a relatively cold area in the center 
of the infarct, was seen only occasionally in the myo- 
cardial scintigrams. 

Mannitol group: The tissue concentrations of tech- 
netium-99m glucoheptonate were measured in six dogs 
with an acute anterior myocardial infarct that received 
intravenous infusions of 25 percent mannitol. Figure 7 
shows that mannitol provoked a statistically significant 
twofold increase in uptake within the infarct. This in- 
creased uptake was consistent throughout the endo- 


cardial, mid and epicardial thirds of transmural in- 


farcts. 

Reflow group: In three of the six dogs that underwent 
occlusion of the left anterior descending coronary artery, 
focally hemorrhagic transmural myocardial infarcts 
developed, although perfusion was reestablished 30 
minutes to 3 hours after occlusion. In these three dogs, 
there was a fourfold increase in tissue levels of techne- 
tium-99m glucoheptonate in the endocardial portion 
of the infarcts. Similar although less marked elevation 
in myocardial uptake was observed in the mid and ep- 


. icardial portions (Fig. 7). Two other dogs that under- 


went temporary occlusion of the left anterior descending 
coronary artery had minute subendocardial infarcts (0.5 
and 1.1 g, respectively). The remaining dog had no in- 
farct and demonstrated no increased uptake of tech- 
netium-99m over the myocardium as documented with 
myocardial imaging and scintillation well counting. 
Technetium-99m glucoheptonate uptake by 
myocardium adjacent to a transmural infarct: 
Technetium-99m glucoheptonate uptake was also 
documented in myocardial samples obtained from the 


P | area immediately adjacent to the infarct but shown to 





- be normal with both nitro blue tetrazolium staining and 
histologic examination. These samples of “normal” 


. myocardium were obtained in 1 mm increments from 
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the lateral and septal borders of the infarct (Fig. 8). The — 


rim of “normal” myocardium that concentrates tech- - 
netium-99m glucoheptonate measured approximately 
3 to 4 mm. The concentration decreased rapidly with 
distance and reached normal levels approximately 5 mm 
from the edge of the infarct (Fig. 8). 


Discussion 


The recent interest in attempts to preserve poten- 4 


tially reversible areas of ischemic myocardium during ~ 


the first hours after coronary occlusion has mirum i s 


Bi. 


new interest in methods designed to quantify myocar- _ 


dial infarct size. Those currently available, creatine - 
kinase estimation of infarct size and precordial S.T 4 
segment mapping, appear to be limited in their clinical 
application.!91? There still exists a need for a reliable - 
method to measure infarct size in man. Ideally, this - 
method should: (1) detect and localize acute myocardial _ 


n è 


"p^ z 


infarction within a few hours of onset; (2) measure the E 


actual size of the infarct or at least provide a reasonable — 


index of infarct size; and (3) be able to detect and - 1 


quantify (a) infarct extension, and (b) limitation of | 


ultimate infarct size resulting from interventions m A 


signed to preserve ischemic myocardium. 
Our data show that imaging with technetium- 99m - 
glucoheptonate fulfills the first two requirements in- 


acute experimental canine myocardial infarction. The - A Br 


third point, namely, the capability of the method to 


demonstrate extension or reduction of ischemic injury, - 


is now under investigation. 


n 


Technetium-99m glucoheptonate permits the de- I 
tection, localization and quantification of an acute ex- E 


perimental myocardial infarct within a few hours of the — 


QUANTIFICATION OF EXPERIMENTAL MYOCARDIAL - 
INFARCTION WITH "?"rc-GLUCOHEPTONATE 
DIAPHRAGMATIC. INFARCTS | 


25 


r- 0.88 
y= 5.40*0.46x 
n=5 


Cross-sectional area of infarct in LAO view (cm?) 





5 Ko) 15 20 25 


Infarct weight (grams) - 
FIGURE 6. Correlation between scintigraphic cross-sectional infarct - 
area in the left anterior oblique view and infarct weight determined at 
autopsy in five dogs with an acute aeie myocardial infarct. 
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EFFECTS OF MANNITOL AND REFLOW 


100 “= 
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60 


Control (n=7) 
40 Mannitol (n=6) 
C] Reflow (n=3) 


Infarct-to-normal myocardium ratio 








20 
O 4 $ 
26 14 14 27 |8 14 FIGURE 7. Effects of mannitol and reflow on 
ENDO MID PI the uptake of technetium-99m glucoheptonate 
by infarcted myocardium. ENDO = endocar- 
*p<205 dial; EPI = epicardial; MID = mid myocardial; 
** p< 05 n = number of dogs; p = probability. 
99mTc-GLUCOHEPTONATE UPTAKE BY MYOCARDIUM 
ADJACENT TO INFARCT 
30 Anterolateral Wall Septum 
o n=13 nzll 
5 
E 
2 
= 20 
o 
© 
25 
E 
o 
E 
= 10 FIGURE 8. Uptake of technetium-99m gluco- 
Ò heptonate by the myocardium adjacent to 
m myocardial infarcts. The cardiac slice in the 
2 center of the figure shows an anterior infarct 
ue (black) and adjacent myocardium from which 
- samples were obtained to determine techne- 
- [^ 2n li "Im tium-99m glucoheptonate concentrations 
Normol $4 3 125 4 | Infarct Inforct | 4 5 ires (expressed as infarct/normal myocardium 
myo-  I——— ——— periphery periphery L———— ———————3À ratio). LV = left ventricular cavity; n = number 
cordium "^ oway from inforct mm oway from inforct E of dogs. 
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canine infarcts of both the anterior and inferior walls 
can be consistently demonstrated by imaging with 
- technetium-99m glucoheptonate as early as 4 hours 
after coronary occlusion. Other infarct-seeking radio- 


ceutical agents used for this purpose, such as 


: technetium-99m pyrophosphate and technetium-99m 
- tetracycline, are not reliable for imaging acute infarcts 
until a minimum of 24 hours after onset.?? 


Reliability in estimating infarct size: Techne- 
tium-99m glucoheptonate appears to be a very sensitive 


" detector of small infarcts, at least in dogs. The two 


smallest infarcts detected with technetium-99m 
weighed 0.5 and 1.3 g, respectively (Fig. 5). We found 
a direct relation between the cross-sectional area of 
increased uptake in the scintigram and infarct weight 
at autopsy. By measuring the cross-sectional area of 
uptake with planimetry, it has been possible to obtain 
correlation coefficients of 0.85 and 0.88 for anterior and 
inferior infarcts, respectively. After completion of this 
study a subset of dogs with myocardial infarction were 
evaluated with a computer technique designed to im- 
prove and automate the delineation of scintigraphic 
infarct borders. This method, developed by Dr. Patrick 
Cahill of our group, uses an operator-independent 
edge-detection algorithm based on the nearest neighbor 
principle.2° With this technique, correlation coefficients 
for anterior wall infarcts increased to 0.937? from the 
0.85 achieved with the visual method. Thus, techne- 
tium-99m glucoheptonate imaging consistently detects 
early canine infarcts and provides a reliable estimate of 
their size by 6 hours after coronary occlusion. This 
property is not shared by any other infarct-labeling 
radiopharmaceutical agents currently available. 
Distribution of myocardial tissue concentration: 
The greatest concentration of technetium-99m gluco- 
heptonate is consistently at the periphery of the infarct, 
and from there its concentration decreases gradually, 
reaching a minimum in the center of the infarct. Such 
a distribution is very similar to that described for 
technetium-99m pyrophosphate?-?? and is presumably 
due to the dependence of uptake on blood flow. In spite 
of this consistent gradient at the tissue level in the dogs 
given technetium-99m glucoheptonate, examination of 
the corresponding myocardial scintigrams showed only 
an occasional doughnut-shaped area of abnormal up- 
take. 
. Effect of mannitol and reperfusion: Of greatest 
interest is the potential ability of certain interventions 
to modify the tissue concentration ratio of techne- 
tium-99m glucoheptonate. The infusion of hyperos- 
motic mannitol solution shortly after coronary ligation 
resulted in approximately twice the myocardial uptake 
of technetium-99m glucoheptonate within the infarct 
compared with normal myocardium at the time of 
imaging. This suggests that it may be possible to in- 
crease infarct/background ratios and thereby improve 


- image quality with pharmacologic means. Reperfusion 


of the infarcted myocardium after 30 minutes to 3 hours 


ji . of coronary occlusion resulted in even greater relative 





_ uptake in the infarct; for example, infarct/normal 
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myocardium ratios averaged 100:1inthesubendocardial | 
third of transmural infarcts (Fig. 7). | a 
Area of increased uptake adjacent tothe infarct — 
(border zone): Another finding of potential clinical 
significance that has been consistently documented in : 
this study is the presence of technetium-99m gluco- | 
heptonate in myocardium immediately adjacent to the 
infarct. It concentrates in a narrow rim of grossly and — 
histologically normal myocardium that also maintains — E 
the capability to reduce nitro blue tetrazolium; that is, 
it contains intact mitochondrial dehydrogenases. This 
area of increased uptake may represent the ischemic or  - 
“border” zone of the infarct. In addition to its uptake — 
by dead or dying cells, it appears that technetium-99m — 
glucoheptonate may accumulate in reversibly injured. E 
myocardium. If so, the labeling of some damaged myo- 
cardium by technetium-99m glucoheptonate is possibly 
transient and reversible and might be parallel to the fate 
of the ischemic zone. This would be an exciting prospect 
for the study of the dynamics of ischemic myocardium 
and for the evaluation of the effects of therapeutic in- 
terventions on infarct growth. However, we have not yet 3 
excluded two alternative explanations: (1) that this 
uptake represents some form of passive diffusion c PN 
leakage of the tracer from the immediately adjacent 
infarct, and (2) that nitro blue tetrazolium might have 
diffused from the normal myocardium into the adjacent 
infarct. This latter possibility is unlikely because nitro — 
blue tetrazolium forms an insoluble formazan precipi- — 
tate over the surface of the myocardium. Furthermore, 
electron microscopic studies recently performed in our 
laboratory indicate that evolving myocardial infarcts 
are surrounded by an ischemic border zone and that this 
border zone, composed of myofibers showing reversible 
ischemic damage, stains positive with nitro blue tetra- 
zolium. In this sense, the nitro blue tetrazolium method 
underestimates the magnitude of ischemic injury be- 
cause it fails to identify the jeopardized myocardium . 
present around an evolving infarct.?? E 
Clinical implications: From the data here presented — 
and the definition of the injection and imaging schedule _ 
in dogs previously reported, it is apparent that tech- - 
netium-99m glucoheptonate has great potential for the — 
early quantification of myocardial infarction. As op- — 
posed to other infarct-labeling radiopharmaceutical — 
agents that have been tried or are currently in use for — 
the diagnosis of myocardial infarction in man, techne- _ 
tium-99m glucoheptonate has the advantage of pro- — 
viding useful information within the first few hours after — 
the onset of an acute myocardial infarction. ^ 
Such early information is important for at least two — 
reasons. Accurate estimation of infarct size shortly after — 
admission may prove helpful in management of the — 
patient, particularly in the early institution of thera- - 
peutic measures before clinical evidence of failure or — 
shock appears. In addition, during this crucial early — 
period the extent of ischemic injury and ultimate — 
amount of myocardial necrosis is being decided at the | 


tissue level.9-9 Myocardial imaging with technetium- — 
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99m glucoheptonate may provide an index of ischemic E 
damage shortly after admission but before therapeutic 3 
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_ intervention that can be compared with later postin- 
tervention determinations of infarct size. It may thus 
be possible to evaluate the effects of intervention in the 
individual patient in an objective and noninvasive 
manner. 

In spite of these very encouraging animal studies the 
. final determination of the value of technetium-99m 
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glucoheptonate will have to be made in patients. We - 
believe that technetium-99m glucoheptonate deserves 
a full scale clinical trial to determine its ultimate role 
in the detection, localization and sizing of early myo- 
cardial infarction in patients and its potential value for 
the noninvasive evaluation of interventions designed 
to protect ischemic myocardium. 
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To determine the echocardiographic features of congenital mitral stenosis, 
echocardiograms were obtained in 2 children with isolated mitral stenosis — 
and 28 with mitral stenosis in association with other congenital heart 
defects. The diagnosis was confirmed at cardiac catheterization in all 30 — 
patients and also at operation or autopsy in 12. The pattern of mitral valve — 
motion was assessed qualitatively, and the amplitude of excursion of the — 
anterior leaflet and the rate of early diastolic closure (E-F slope) were 
measured. The values were compared with those from 145 normal chil- — 
dren, 22 children with isolated ventricular septal defect and 16 children 
with isolated coarctation of the aorta. PP L a 
In patients with congenital mitral stenosis, the echocardiographic _ 
findings Included diastolic anterior motion of the posterior leaflet of the — 
mitral valve, absence of the A wave and reduction of the E-F slope. Dia- — 
stolic vibration of the mitral leaflets occurred in 21 of the 30 patients with — 
mitral stenosis and in 8 of the 145 normal children, but in none of the pa- 
tients with coartation of the aorta. From the mitral valve echogram, it was 
not possible to determine whether the site of the inflow obstruction was — - 
the leaflets themselves, the chordae tendineae, the papillary muscles or 
a supravalve membrane. N 
Patients with severe stenosis tended to have a greater decrease in E-F = 
slope and exhibited abnormal motion of the posterior mitral leaflet more — 
frequently than patients with mild or only moderately severe mitral ste- — 
nosis. However, the mitral valve echogram was more useful in detecting 
the presence of mitral stenosis, even in the presence of other cardiac 18 
malformations, than in determining the precise anatomy of the mitral valve 
lesion or estimating its severity. OM 


T 


Mitral valve stenosis was the first form of heart disease studied with 
echocardiography.! Although the echocardiographic features of acquired — 
mitral stenosis have been described in detail, there have been rela- 
tively few studies of congenital mitral stenosis."-!? Compared with its — 

acquired counterpart, congenital mitral stenosis is less common, more — j 

often associated with other cardiac defects and more variable in anat- - 
omy.13-18 Whereas acquired mitral stenosis is almost invariably due to -. 
leaflet thickening and commissural fusion, congenital left ventricular - | 
inflow obstruction may result from anomalies of the papillary muscles, 
chordae tendineae or mitral leaflets or from a supravalve mitral mem- — 

brane. Because these malformations are indistinguishable clinically, and 
often cannot be differentiated with cardiac catheterization or angiog- 
raphy, they are collectively referred to as forms of congenital mitral 
stenosis.15-18 In this study the term “mitral stenosis" includes any of 
these abnormalities of the mitral valve apparatus. More specific termi- - x 
nology is used when the anatomy of the lesion was documented at op- 
eration or autopsy. OO} e 


e. 


W, Ty 
n 
"á - pn 


m t LIA CN Your E 
zw YV t POM oe sU 2 
iri DELL, Mf se Lado sk gro ert 2 
ds ve. X aes ge za > 





A 


| 


z 


S TIS study was undertaken to define the echocar- 
k diographic features of congenital mitral stenosis. We 
_ attempted to determine (1) if the various anatomic 
k 


. types of congenital mitral stenosis can be distinguished 
f . with single crystal M mode echocardiography, (2) if the 
. severity of the inflow obstruction can be predicted, and 
— (3) if mitral stenosis can be detected in the presence of 
associated cardiac lesions. 
.. "The echocardiograms of patients with documented 
. mitral stenosis were compared with those of normal 
children. Because many of the patients with mitral 
- stenosis had associated coarctation of the aorta or 
_ ventricular septal defect, their echocardiograms were 
_ also compared with those of 22 patients with isolated 
. ventricular septal defect and 16 patients with isolated 
. coarctation of the aorta. 
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ESL Material and Methods 

-. Patient Groups 

- Normal children: These were 145 normal children previ- 
. ously studied in our laboratory whose echocardiograms were 
. reviewed. The subjects were 1 day to 19 years old at the time 
_ of study and had no heart disease as judged from the history 
and physical examination. 

— Congenital mitral stenosis: This group consisted of 30 
- children aged 9 days to 15 years. None had a history of rheu- 
. matic fever. In all 30, the presence of congenital heart disease 
.. was first detected in infancy, and the diagnosis was established 

_ at cardiac catheterization and angiography. In 12, the presence 
. and nature of the mitral valve lesion was confirmed at oper- 
ation (8 patients) or autopsy (4 patients). 
= Six of 12 patients whose mitral valve was inspected at op- 
_ eration or autopsy had a supravalve mitral membrane. Two 
. of these six patients also had parachute mitral valve deformity 
_ (single papillary muscle). Of the six patients without supra- 
_ valve mitral membrane, one had isolated parachute mitral 
. valve deformity, and five had isolated fusion of the valve 
leaflets. — 

_ Twenty-eight of the 30 patients with mitral stenosis had 
one or more additional congenital cardiac defects. These 
. included coarctation of the aorta (19 patients), ventricular 
. septal defect (11 patients), aortic valve stenosis (12 patients), 
3 transposition of the great arteries (2 patients), double outlet 

right ventricle (2 patients) and aortic valve insufficiency (2 
patients). 

—. The severity of the mitral stenosis was considered mild if 
- the pulmonary arterial wedge or left atrial A wave to left 

ventricular end-diastolic pressure gradient was less than 10 

mm Hg, moderately severe if the gradient was 10 to 20 mm Hg 

and severe if the gradient was greater than 20 mm Hg. Cal- 

. culation of mitral valve area is the optimal method for de- 

- termining the severity of mitral stenosis; however, because this 

. calculation could not be made with confidence in patients with 

- complex intracardiac lesions, we arbitrarily grouped the pa- 
_ tients according to the mitral valve gradient. 

_ Inthe patients with mitral stenosis and a coexistent left to 
right shunt, the ratio of pulmonary to systemic blood flow 
_ ranged from 1.2 to 2.5 (mean 1.7), and the pulmonary arterial 
| wedge or left atrial A wave to left ventricular end-diastolic 
| pressure gradient ranged from 6 to 27 mm Hg (mean 13.6). 
E Isolated ventricular septal defect: This group consisted 
. of 22 patients, aged 7 weeks to 22 years. The ratio of pulmo- 
. nary to systemic blood flow ranged from 1.0 to 2.8 (mean 1.8), 
and the gradient across the mitral valve ranged from 0 to 4 mm 
Hg (mean 1.3). A e RN 
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FIGURE 1. Diagram of mitral valve motion illustrating the method used 
to measure amplitude of excursion of the anterior leaflet (II) and the rate 
of early diastolic closure or E-F slope (I). Note the large M pattern pro- 
duced by the anterior leaflet and the small W pattern produced by the 
posterior leaflet. 


Coarctation of the aorta: These 16 patients were 2 to 17 
years old. No patient was included in this group unless the 
mitral valve appeared normal on angiography and there was 
no mitral valve gradient. 


Analysis of Echocardiogram 


Qualitative analysis: The mitral valve echograms were 
cnalyzed with regard to the following: (1) the direction of 
movement of the posterior mitral leaflet in diastole; (2) the 
presence of mitral valve reopening associated with atrial 
contraction (because the so-called A wave is usually not dis- 
cernible in normal subjects with a rapid heart rate, this as- 
sessment was made only in subjects with a heart rate less than 
120 beats/min); and (3) the presence of diastolic vibration or 
fluttering of the mitral valve leaflets. 

Quantitative analysis: The following measurements were 
made from the mitral echogram in each patient: (1) The 
amplitude of excursion of the anterior leaflet. This was mea- 
sured at the point of maximal excursion of the leaflet and was 
considered to be the distance traversed by the leaflet as it 
opened at the start of diastole (the vertical distance from the 
D point to a horizontal line passing through the E point (Fig. 
1). (2) The rate of early diastolic closure of the anterior leaflet 
(E-F slope). This measurement (Fig. 1) was made only if the 
passive closure of the valve in early diastole could be clearly 
separated from the active closure produced by ventricular 
systole. In some cases these events could be separated by the 
occurrence of mitral reopening after atrial contraction; in 
others the distinction could be made on the basis of the ac- 
celeration in the rate of closure that occurred with ventricular 
contraction. 

All echocardiograms were performed with a Hoffrel model 
101 Ultrasonoscope interfaced to a Honeywell 1856 strip chart 
recorder. Transducers of 2.25 or 3.5 megahertz were used. 
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.  . Prediction of the anatomy of the mitral valve Comparative Echographic Features of Various Forms of 
. apparatus (12 patients with mitral stenosis and Congenital Mitral Stenosis 








m . documented anatomy): Review of the echocardio- Anatomy of Mitral Lesions Notedat — ; 
A . grams of the 12 patients with mitral stenosis in whom Autopsy or E 
. . the site of inflow obstruction was determined at oper- Supra- E 
. . ation or surgery indicated that it was not possible to PUER aint $ 
-~ determine the anatomy of the mitral obstructive lesion Stenosis and Supra- Para-  — 
ey ee : : (commis- Parachute valve chute — 
Ne icon nip ek aie Echographic sural — Mira! — Miral Mitral — 
‘Mitral membrane could not be tinguished from other Findings fusion) Valve Membrane Valve — 
forms of congenital mitral stenosis (Table I). In one a 
tient with supravalve membrane, a linear echo was Hyves . | 
pa p , ; |J A wave present 1/4 1/1 1/1 0/10: 3 
present between the anterior and posterior mitral DAMPL 2/5 1/2 4/4 Sees 
leaflets (Fig. 2). However, in five other patients with this — — quomutative Ws. . 22 qpu E 
lesion, no abnormal echoes were present, either between Decreased excursion 2/5 0/2 1/4 15155 
the mitral leaflets or in the left atrium (Fig. 3, A and B). _Decreased E-F slope —— 1 5/5 — 1/2 X 3/4 n — 
Similarly, there were no echographic features unique * Assessed only if heart rate was less than 120 beats/min. B 
to the parachute mitral valve deformity or to commis- DAMPL = diastolic anterior motion of posterior leaflet. a 
TABLE Il | | 3 
Echocardiographic Analysis of Mitral Valve Motion 7 
———————————————9Oe OeOPm uL - 
Mitral nh. cm 
Age Weight Valve Qualitative Aspects ects — 
no. of Range Range Gradient* ave Decreased eased 
Group Cases (yr) (kg) (mm Hg) Presentt DAMPL Vibration — Excursion E-F Slope — 
Normal 145 0.002-19 3-69 ans 107/107 0/145 12/145 0/145 0/145  . | 
Mitral 30 0.02-16 3-50 13.6 8/21 17/30 21/30 6/30 19/30 - 
stenosis +1.1 
Ventricular 22 0.13-22 3-76 1.3 15/15 1/21 8/22 0.22 0/22 et 
septal +0.3 ^ 
defect 
Coarctation 16 2-7 13-60 0.3 13/13 0/16 2/16 4/16 1/16 
of aorta +0.25 


* Values expressed as mean + standard error of the mean. 
t Presence or absence ascertained only if heart rate was less than 120 beats/min. E 
DAMPL - diastolic anterior motion of posterior leaflet. | A 


FIGURE 2. A coarse pattern of diastolic vibration 

is apparent in the mitral echogram from this 12 

year old boy with a supravalve mitral membrane 
K and ventricular septal defect. The membrane itself 
Di could not be identified with certainty, although it 
oe may be represented by the echo between the 
i anterior and posterior leaflets on the third and 
= fourth beats. AMV = anterior mitral leaflet; ECG 
~ = electrocardiogram; IVS = interventricular 
NES IN Septum; PMV = posterior mitral leaflet; RV = right 
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sural fusion. Diastolic anterior motion of the posterior 
leaflet, absent A wave, reduced excursion and reduced 
E-F slope occurred in some but not all patients with 
these lesions (Table I). 

Qualitative analysis of mitral valve motion (all 
patients): One or more qualitative abnormalities of 
mitral valve motion were present in 28 of the 30 patients 
with hemodynamic evidence of mitral stenosis (Table 
II). 

Movement of posterior leaflet: In 17 patients, there 
was paradoxical anterior motion of the posterior mitral 
leaflet during diastole that produced a linear echo 
parallel to that of the anterior leaflet (Fig. 4 and 5). This 
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pattern of motion occurred in only one patient with 
ventricular septal defect and in no patient with coarc- 
tation of the aorta. In all normal subjects there was 
appropriate posterior movement of the posterior leaflet 
in diastole. In normal subjects with a heart rate of less 
than 120 beats/min, relative anterior movement of the 
posterior leaflet occurred at the end of the passive 
ventricular filling period. However, this relative anterior 
movement was followed by posterior movement asso- 
ciated with atrial systole. This normal movement re- 
sembles a “W” (Fig. 1). 

Vibration of leaflets: Diastolic vibration of one or 
both mitral valve leaflets was present in 21 of the 30 
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FIGURE 3. These recordings from a 2 
year old boy with a ventricular septal 
defect and a supravalve mitral mem- 
brane illustrate the difficulty in pre- 
dicting the nature of the mitral ob- 
structive lesion from the echocardio- 
gram. A, the recording of mitral valve 
motion shows a reduced E to F slope 
and initial anterior motion of the pos- 
terior mitral leaflet (PMV). B, although 
a discrete supravalvular mitral mem- 
brane was found at operation, no ab- 
normal echoes are seen posterior to 
the left ventricular-outflow tract. Ao — 
aorta; LA = left atrium; LV = left ven- 
tricle; MV = mitral valve; other abbre- 
viations as in Figure 2. 
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patients with mitral stenosis (Fig. 2, 4 and 6). Similar 
vibration was observed in 8 of the 22 patients with 
ventricular septal defect and in 2 of the 16 with aortic 
coarctation. This vibration, although of low amplitude, 
was also present in 12 of the 145 normal children. 
Thirteen patients with mitral stenosis had leaflet vi- 
bration as well as anterior motion of the posterior leaflet 
in diastole. This vibration appeared to be unrelated to 
the type of mitral valve obstruction. The most promi- 
nent vibration was seen in a 12 year old boy with a su- 
pravalve mitral membrane (Fig. 2). 

Quantitative analysis of mitral valve motion (all 
patients): Excursion of anterior leaflet: In normal 
children there was a linear relation between the excur- 
sion of the anterior leaflet of the mitral valve and the 
cube root of body weight.!? The amplitude of excursion 
of the anterior leaflet of the mitral valve was normal 
(that is, within 2 standard deviations of the normal 
mean as determined from body weight) in 24 of the 30 
patients with mitral stenosis and in 12 of the 16 patients 
with aortic coarctation. Mitral excursion was normal in 
all patients with ventricular septal defect (Table IT). 

E to F slope: In normal children the mitral E-F slope 
increased with body weight, although there was a wide 
range of E-F slopes for any given weight. The E-F slope 
of the anterior leaflet was below the normal range in 19 
of 30 patients with mitral stenosis (Fig. 7). No patient 
with ventricular septal defect and only one patient with 
aortic coarctation had an abnormal E-F slope (Table 
II). 

Determination of severity of mitral stenosis (all 
patients with mitral stenosis): Patients with severe 
mitral stenosis (gradient greater than 20 mm Hg) 
tended to have a greater decrease in E-F slope than 


FIGURE 5. Mitral valve echogram in a 10 year old 
boy with mitral stenosis and double outlet right 
ventricle. The posterior leaflet (PMV) moves an- 
teriorly in early diastole, and the E-F slope is re- 
duced (16 mm/sec). There is no vibration of the 
valve leaflets. This combination is similar to the 
findings in acquired mitral stenosis. Abbreviations 
as in Figure 2. 
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FIGURE 4. Mitral valve echogram in a 5 year old boy with a parachute 
mitral valve and moderately severe obstruction to mitral flow (gradient 
12 mm Hg). A coarctation of the aorta had been resected in infancy. 
Both mitral leaflets appear to vibrate in diastole. After a brief posterior 
motion in early diastole, the posterior mitral leaflet (PMV) moves an- 
teriorly and follows the motion of the anterior leaflet. The mass of 
echoes moving anteriorly in systole (arrow) presumably results from 
the simultaneous recording of the mitral leaflets and a large single 
papillary muscle. The latter was noted on angiography to have a 
prominent anterior motion in systole. Abbreviations as in Figure 2. 
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| patiente with milder degrees 

E dition, diastolic anterior. movement of the posterior 
leaflet was more common. in the patients with severe 
. stenosis (Table III). In general, however, it was not 
. possible to predict the severity of the stenosis from any 
Hof the qualitative or quantitative aspects of valve mo- 
tion. 
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a 1 : nd 4 CIEL KE u 3s zi zx xe ro e i T 
- a dirti ETT n LIY Sane NS MW e ik 
F IGUF i 6. Mitral v. E a kin d S yoa ola chine ades 
sev ere mitral stenosis (diastolic gradient 11 mm Hg). There is fine vi- 
bx 'ation of both leaflets. The posterior leaflet moves normally, but the 
E- Topo is reduced. Abbreviations as in Figure 2. 
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nosis and a coexistent left to right intracardiac shunt 
had a mitral valve gradient greater than the gradient in 
patients with isolated ventricular septal defect. The two 
groups had left to right shunts of similar magnitude. 
Parodoxic anterior motion of the posterior mitral valve 
leaflet occurred in only one patient with isolated ven- 
tricular septal defect but in five of seven patients with 
coexistent mitral stenosis (Table IV). Although patients 
in each group had vibration of the mitral valve leaflets, 


jit was more common in patients with mitral stenosis and 


a left to right shunt than in those with a left to right 
shunt alone. 

Mitral stenosis with coarctation of the aorta: 
Congenital abnormalities of the mitral valve apparatus, 
especially of the papillary muscles, are often present in 
patients with coarctation of the aorta.2° Six of our 16 
patients with isolated coarctation of the aorta had an 
abnormal mitral echogram, despite the absence of he- 
modynamic or angiocardiographic evidence of mitral 
stenosis. The most common echocardiographic findings 
in these 16 patients were reduction of the excursion of 
the anterior leaflet (4 patients) and leaflet vibration (2 
patients). Of 19 patients with coarctation and associated 


mitral stenosis, 4 had decreased excursion of the ante- 


rior leaflet of the mitral valve, and 15 had leaflet vi- 
bration. In addition, patients with coexistent mitral 
stenosis exhibited diastolic anterior motion of the 
posterior mitral valve leaflet (10 of 19) and absence of 
the A wave (7 of 13), findings not present in any patient 
with isolated coarctation. 


Discussion 


In 1955, Edler? described the echographic features 
of mitral stenosis as a reduced E-F slope and decreased 
opening excursion. Other investigators have reported 
variable accuracy in quantifying the degree of the ste- 


FIGURE 7. Graph depicting the E-F slope of the 
anterior mitral leaflet in 29 patients with congenital 
mitral stenosis and 145 normal subjects. The solid 
diagonal line represents the calculated regression 
line for the 145 normal subjects. The dashed lines 
indicate 2 standard errors of the estimate above 
and below the regression line and include 95 
quM mesi duhect and 20 borcan ot 
the patients with mitral stenosis. 
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TABLE Ill 


Echocardiographic Findings Related to Severity of Mitral Valve Obstruction in Patients With Mitral Stenosis 
Qualitative Aspects 


Mitral Valve 


Gradient Range no. ave cr 
(mm Hg) of Cases Present DAMPL Vibration Excursion E-F Slope 
<10 11 4 8 2 5 
10-20 12 7 9 3 8 


5 2 


>20 


DAMPL = diastolic anterior motion of posterior leaflet. 


TABLE IV 
Mitral Valve Echocardiographic Findings in Patients With Left to Right Intracardiac Shunts 
Qualitative Aspects Quantitative Aspects 
no. A Wave Decreased Decreased 
of Cases Present — DAMPL Vibration Excursion E-F Slope 
Ventricular septal defect and mitral stenosis 7 2/5 5/7 5/7 0/7 2/7 
Isolated ventricular septal defect 22 15/15 1/21 8/22 0/21 0/22 


DAMPL = diastolic anterior motion of posterior leaflet. 


nosis from the mitral echogram. Duchak et al.? called 
attention to the importance of recording the motion of 
the posterior mitral leaflet in the diagnosis of mitral 
stenosis. Although in normal subjects the anterior and 
posterior leaflets move in opposite directions during 
early and late diastole, the characteristic feature of ac- 
quired mitral stenosis is diastolic anterior motion of the 
posterior leaflet. Although some exceptions have been 
reported, this paradoxical motion of the posterior leaflet 
helps to distinguish acquired mitral stenosis from other 
conditions producing decreased mitral excursion and 
reduced rate of diastolic closure. 

Echocardiogram in specific types of mitral valve 
obstruction: In several previous reports it has been 
suggested that the specific anatomic types of left ven- 
tricular inflow obstruction may be diagnosed with 
echocardiography. Chung et al.!9 demonstrated an ab- 
normal echo behind the mitral valve in a patient with 
a supravalve membrane. LaCorte et al.11 demonstrated 
an abnormal echo posterior to the mitral leaflets in two 
patients with this lesion. We were unable to duplicate 
these findings. In five of our six patients with confirmed 
supravalve membrane there were no abnormal echoes, 
either behind the aorta or between the mitral leaflets. 
In one patient (Fig. 2) three parallel echoes could be 
recorded from the mitral valve region, and one of these 
echoes could have been produced by the supravalve ring 
itself. Similarly, there was no consistent pattern of mi- 
tral valve motion in patients with the parachute mitral 
valve deformity or isolated leaflet fusion. 

Detection of mitral stenosis in presence of other 
congenital lesions: Congenital mitral stenosis is rarely 
an isolated lesion and is frequently associated with ei- 
ther a ventricular septal defect or left ventricular out- 
flow obstruction. The results of our study indicate that 
mitral stenosis can generally be detected in the presence 
of coexistent lesions. Diastolic anterior motion of the 
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posterior mitral leaflet and absence of the A wave were 
the findings most useful in distinguishing patients with 
mitral stenosis and ventricular septal defect from those 
with isolated ventricular septal defect. Although mitral 
valve excursion was reduced in 4 of 16 patients with 
isolated coarctation, abnormal posterior leaflet motion 
and an absent A wave were present only when there was 
coexistent mitral obstruction. 

Diastolic vibration of both mitral leaflets: This 
was observed in 21 of the 30 patients with mitral ste- 
nosis. This motion was similar to that seen in the ante- 
rior mitral leaflet in patients with aortic insufficiency?! 
and aorticopulmonary transposition.?!?? Similar leaflet 
vibration occurred in some patients with increased 
blood flow across the mitral valve due to a ventricular 
septal defect, and similar vibration, although of lesser 
amplitude, was seen in 8 percent of the normal children. 
Diastolic vibration of the mitral valve leaflets was un- 
related to the type or severity of mitral obstruction in 
this study. We speculate that this vibration results from 
turbulent blood flow through the mitral orifice in the 
presence of pliable leaflets. To our knowledge, leaflet 


vibration has not been described in the acquired forms — 
of mitral stenosis, which are usually associated with — 


thickened valve leaflets. 


Diagnostic implications: We found the echocardi- à 
ogram to be more useful in detecting the presence of . 


congenital mitral stenosis than in estimating its severity 
or delineating the precise anatomy of the mitral valve. 
Because this lesion is rare and usually associated with 
other congenital cardiac malformations, it may be 


overlooked at the time of clinical examination or even - 
at cardiac catheterization. The echocardiographic 


demonstration of a decreased E-F slope, diastolic an- 
terior motion of the posterior mitral leaflet and absence 
of the A wave should alert the clinician to the presence 
of mitral stenosis. 
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To assess the circulatory effects of afterload reduction and inotropism E 
individually and in combination as rational therapy for refractory heart — 3 
fallure, nitroprusside and dopamine were administered to 13 patients with E 
severe cardiac decompensation. Dopamine at average doses of3 and 
7 ug/kg per min produced increases in cardiac output andreductions in  — 
peripheral resistance. At doses of 15 ug/kg per min, dopamine increased - P 
heart rate, peripheral arterial pressure and side effects. Nitroprusside — 

alone decreased left-sided filling pressures and increased cardiac output. — a 
When the agents were administered together, the increases in cardiac _ 

output were significantly greater than with either agent alone and there 
was physiologic improvement in overall circulatory function. The relations 
among changes in afterload (systemic impedance), preload (filling 1 
pressures) and cardiac index help to explain the salutary effects of — 
combined therapy In patients with refractory heart failure. — E 


* A 


E 
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Recent reports!-? have documented the improvement in left ventricular — 
function attainable with therapy to reduce peripheral vascular resistance 
or impedance in chronic congestive heart failure. In selected groups of 
patients, administration of sodium nitroprusside,*? phentolamine,-7  . 
sublingual nitroglycerin,5-1? nitroglycerin ointment, ! isosorbide dini- | 
tratel213 or hydralazine!*^!5 has resulted in improved circulatory per- 
formance with only small changes in heart rate or arterial pressure. These -. 
drugs decrease left ventricular impedance (afterload) or left ventricular 
filling pressure (preload), or both, without directly altering left ven- 
tricular contractile state. In contrast, catecholamines such as dopamine 
increase cardiac output in chronic congestive heart failure at least in part 

by augmenting left ventricular contractility.1618 In larger doses, cate- 
cholamines produce vasoconstriction, with a resulting increase in left — 
ventricular impedance.1929 Thus, these two classes of drugs improve . 
circulatory performance by distinctly different mechanisms. — = 

Despite the availability of these agents, there is a need for more ef- — 

fective cardiotonic drug therapy in many states of acutely depressed — 
cardiac function, including chronic refractory congestive heart failure, — 
pulmonary edema, cardiogenic shock and postoperative left ventricul ar 
failure. One method that might achieve improved left ventricular 
function is to combine the vasodilator action of nitroprusside with the — 
inotropic effect of dopamine. In this study, we compared the maximal — 
hemodynamic improvement achieved with optimal doses of each of these — 











drugs with the results of their combined administration in identical . 
doses. E. 
Patients with chronic refractory congestive heart failure were studied 
because they would not be expected to manifest spontaneous changes — 


rts 
d: 


in left ventricular function during the 2 to 3 hour protocol period, in 
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E contrast to patients studied postoperatively or after 
. acute myocardial ischemia. Patients with acute myo- 
~ cardial infarction were also excluded because of the 
E unpredictable effect of this drug combination on re- 
. gional coronary blood flow, left ventricular metabolic 
E: demands and infarct size.21-25 


Methods 


i 

Patients: Thirteen patients with clinical and radiographic 
. evidence of severe congestive heart failure (New York Heart 
: Association class IV?6) refractory to conventional therapy of 
E. digitalis and diuretic drugs were studied. All patients had a 
. cardiac index of less than 2.5 liters/min per m? and a pulmo- 
à . nary arterial wedge pressure greater than 20 mm Hg at rest. 
.. The origin of the heart disease was ischemic in six patients, 
2 viral in two and idiopathic in five. Patients with primary 
_ valvular heart disease, primary pulmonary disease, acute 
. ischemia, chest pain or a history of acute myocardial infarction 
. within the past 3 months were excluded. Patients were studied 
. in the postabsorptive state in a special procedure room or 
. cardiac catheterization laboratory. Informed consent was 
_ obtained in every case in accord with the Stanford University 
. Medical Committee on the Use of Human Subjects in Re- 
_ Search. All vasodilator, antihypertensive and diuretic medi- 
cations were withheld 12 hours before each study. 

. Control hemodynamic measurements: Right heart 
. catheterization was performed using a no. 7F triple lumen 
. Swan-Ganz flow-directed balloon-tipped catheter or a no. 7F 
_ Cournand catheter inserted percutaneously through an an- 
_ tecubital or femoral vein. Arterial pressure was monitored 
3 with an intraluminal catheter inserted into the brachial or 
. radial artery or into the descending aorta. All pressures were 
. measured using Statham pressure transducers with the pa- 
tient supine. Zero reference was the mid axillary line. 
Pulmonary arterial diastolic and pulmonary arterial 
wedge pressures were compared at the beginning of the study. 
If the two pressures were within 3 mm Hg of each other, pul- 
. monary arterial diastolic pressure was used to determine left 
. ventricular filling pressure during the remainder of the study. 
. Otherwise, pulmonary arterial wedge pressure was measured 
. separately for each drug condition. In five patients, right atrial 
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(TABLE l 

Clinical Characteristics of Patients Studied 

a Previous 

E Cardiac ^ Origin cf Degree of Mitral 
. Case Age  Catheteri- ^ Heart Regurgita- 
V, 

a 1 51 Yes Ischemic 

| 

E 19 Yes Viral Mild 
god. 44 No* Ischemic Moderate 
T" 4 46 No* Ischemic Mild 
Em 43 No* Idiopathic Moderate 
Lb. 6 46 Yes Ischemic Moderate 
oT 17 Yes Idiopathic Moderate 
E--8 47 Yes* Idiopathic ^ Severe 

E .9 41 Yes Ischemic Mild 
i10 52 Yes Idiopathic Mild 

E 11 38 Yes Ischemic Moderate 
E. 12 58 Yes Idiopathic Mild 
13 46 Yes Viral Moderate 
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Digoxin, furosemide, potassium chloride 

Digoxin, furosemide, Coumadin, nitroglycerin ointment 

Digoxin, furosemide, isosorbide dinitrate, potassium chloride 
Digoxin, furosemide, potassium chloride 

Digoxin, furosemide, isosorbide dinitrate, hydralazine, prazosin 
Digoxin, furosemide, potassium chloride, nitroglycerin ointment 


i Mean 41.4 "" cite à pa" $4. c 
.. * Left ventricular angiogram performed after drug infusions. | 


pressure was also measured at each drug dose. In the other 
eight patients, right atrial pressure was measured only during 
the control period and was subsequently estimated by as- 
suming that during each drug infusion it changed in the same 
proportion as pulmonary arterial wedge pressure. In the five 
patients with measurements available, this assumption was 
accurate within 2 mm Hg. 

All patients had resting control cardiac output determi- 
nations using the Fick principle. In seven patients, simulta- 
neous determinations of cardiac output, using the thermodi- 
lution technique with 10 cc of iced 5 percent dextrose in water, 
were reproducible and accurate within +10 percent of the 
value determined with the direct Fick method under control 
conditions. In these patients, further cardiac output deter- 
minations were made in triplicate using a standard thermo- 
dilution technique. Although at low cardiac output levels Fick 
determinations may be more reproducible, thermodilution 
output measurements were repeated to obtain good agreement 
in steady-state conditions. The agreement between thermo- 
dilution output values was held to 5 percent, or the data were 
discarded and the measurements repeated. The increases 


measured during drug infusions far exceeded this reproduc- | 


ibility. In the remaining six patients, arteriovenous oxygen 
content difference was determined during each drug infusion. 
Oxygen consumption was measured at rest and during the 
maximal dose of each drug and drug combination. Cardiac 
output was calculated with the Fick principle using the si- 
multaneously determined oxygen consumption or the average 
of the previous and subsequent oxygen consumption data. 
Protocol for drug administration and measurements: 
On completion of control measurements, dopamine or nitro- 
prusside infusion was begun, using a variable speed infusion 
pump. Each drug at each dose level was infused sequentially 
for at least 12 minutes to reach steady-state conditions; then, 
cardiac output, heart rate, pulmonary arterial pressure, pul- 
monary wedge pressure and systemic arterial pressure were 
recorded during continued drug administration. When these 
measurements were completed, the next drug dose was given 
and hemodynamic measurements were repeated in the same 
manner. Dopamine was infused at three fixed doses: 3.5, 7.0 
and 15 ug/kg per min. In six patients the latter dose was not 
administered because of excessive side effects during the 7 


Previous Cardiovascular 


. nO. (yr) zation Disease tion Drug Therapy min) 
ONE Moderate 


2 
isosorbide dinitrate 

Digoxin, furosemide, potassium chloride, nitroglycerin ointment 0 
Digoxin, furosemide, isosorbide dinitrate 1 
Digoxin, furosemide, Coumadin, potassium chloride 0 
Digoxin, furosemide, potassium chloride 1 
Digoxin, furosemide, isosorbide dinitrate, hydralazine, procainamide 1. 
Digoxin, furosemide, potassium chloride 
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pg/kg per min infusion. Nitroprusside infusion was begun at 
- arate of 0.5 ug/kg per min, and the dose was adjusted as nec- 
essary to provide a decrease in pulmonary arterial wedge 


- pressure of 5 to 15 mm Hg while maintaining a mean arterial 


. pressure greater than 50 mm Hg. The mean nitroprusside dose 


| — was 1.1 ug/kg per min (range 0.5 to 2.0). 


After administration of the first drug was completed, the 
patient was allowed a 15 minute recovery period before he 
received the second drug in the manner described. Seven pa- 
tients received dopamine first, and six received nitroprusside 
first. After each drug was administered individually, with 
-. hemodynamic monitoring, identical dopamine infusions were 
repeated (two or three doses) in combination with the same 
dose of nitroprusside that the patient had received earlier. 

Calculations and statistical analysis: Four derived he- 
modynamic variables were calculated. Systemic and pulmo- 
nary mean pressures were determined electronically. Systemic 
vascular resistance (SVR) was determined as SVR = (MAP 
— RAP)/CO, where MAP = mean arterial pressure, RAP = 
right atrial pressure and CO - cardiac output. Similarly, 
pulmonary vascular resistance (PVR) was calculated as PVR 
= (MPAP — PAW)/CO, where MPAP = mean pulmonary 
arterial pressure, PAW = pulmonary arterial wedge pressure 
and CO = cardiac output. Both resistance values were ex- 
pressed in arbitrary units. The double (pressure-rate) product 
(DP) as utilized by others, an index of left ventricular oxygen 
demand, was determined as DP = SBP X HR, where SBP = 
systolic blood pressure and HR = heart rate. Stroke volume 
index (SVI) was calculated as SVI = CO/HR, where CO = 
cardiac output and HR = heart rate. 

Statistical analysis was performed with Student’s paired 
t test because each patient served as his own control. Several 
comparisons were made. Each hemodynamic variable at each 
drug dose was compared with the control value in the same 
patients. In addition, the effect of each dose of dopamine was 
compared with the effect of nitroprusside alone and that of 
the combination of the same dose of dopamine with nitro- 
prusside. 


Results 


Patient population: The clinical characteristics of 
the 13 patients studied are summarized in Table I. They 
were a relatively young group of patients (mean age 41.4 
years), and all were male. Every patient was receiving 
digoxin and potent diuretic therapy to which he was 
considered refractory on clinical grounds. Also, eight 
patients had received afterload-reducing agents, in- 
cluding isosorbide dinitrate, nitroglycerin ointment, 
hydralazine and prazosin. These agents were withheld 
for 8 hours before the study. 

Although trivial mitral regurgitation was documented 
at cardiac catheterization in all patients, it was hemo- 
dynamically prominent in only one (Case 8). In each 
case the regurgitation was attributed to left ventricular 
dilatation and failure rather than to a primary valve 
lesion. 

All patients had clinically severe cardiomyopathy. 
Five patients had two or three vessel coronary artery 
disease documented with coronary angiography. One 
patient had had a massive anterior myocardial infarc- 
tion 7 months previously but had angiographically 
normal coronary arteries. Two patients had a viral 
perimyocarditis that preceded the clinical onset of 
congestive heart failure. Five patients had idiopathic 
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REST NP DA3 CM3 DA7 CM7 DAIS CMi5 — -— 
FIGURE 1. Cardiac index plotted for each patient at rest and during drug _ 
infusions. This index is significantly greater with nitroprusside than during — 
rest, and with each combination infusion than with dopamine aloneat — 
the same dose. Open circles indicate patients who did not receive the — 
15 ug/kg per min dose of dopamine alone or in combination with ni- 
troprusside; open triangles indicate patients who received this dose — 3 
alone and in combined therapy. CM3, CM7, CM15 = nitroprusside in 
combination with dopamine at respective doses of 3, 7 and 15 pg/kg — - 
per min; DA3, DA7, DA15 = dopamine alone at respective doses of — 3 
3, 7 and 15 ug/kg per min; L/MIN/M? = liters/min per square meter; — 
p 7 probability. | E. 


dilated cardiomyopathy with angiographically docu- 
mented normal coronary arteries. No patient had a re- - 
strictive or obstructive cardiomyopathy. | a 
The mean value and standard error of the mean for — | 
all hemodynamic variables at rest and during each drug — 
infusion are illustrated in Table II. The values at rest — 
demonstrate severely compromised left ventricular E 
function: Mean cardiac index was 1.44 liters/min per m?  - 
and mean left ventricular filling pressure 32 mm Hg. — 
Pulmonary vascular resistance (4.65 units) and systemic — 
vascular resistance (25.1 units) were both considerably 
elevated; stroke volume index was low (only 1.56 ml/ - 
m?). M 
Cardiac index and stroke volume index: Cardiac — 
index improved without exception from the measure- . 
ment at rest in every patient at every dose of each drug | 
(Fig. 1). Nitroprusside increased mean cardiac index 66 — X 
percent, from 1.44 to 2.39 liters/min per m? (P «0.001). 
Dopamine in the small, medium and large dose (3.5,7 
and 15 ug/kg per min) increased cardiac index by 46,80 — 
and 67 percent, respectively (P <0.001 for each dose). | 
There was no significant difference between the cardiac — 
index induced with nitroprusside alone and that in- - 
duced with any dose of dopamine alone. However, with | 
all three doses of dopamine, the addition of nitroprus- - 
side significantly improved cardiac index (average in- — 
crease 31 percent; P <0.001 for each). The maximal . 
cardiac index of 3.06 liters/min per m?, an increase of — 
134 percent over the resting value, was achieved with — 
the large dose of dopamine combined with nitroprusside 
(P <0.001). E 
Although cardiac output increased from the small to — 
the intermediate dose of dopamine, no increase in car- — 
diac output was obtained by increasing the dose of do- 
pamine from 7 to 15 ug/kg per min. In fact, in three of | 
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TABLE Il 
à Hemodynamic Responses to Nitroprusside and Dopamine in Small, Intermediate and Large Doses 
* Ae | | Nitroprusside 
1 Ya Tai MR Control | Dopamine Dopamine 4- 
E : (Rest) Nitroprusside (3.5 ug/kg per min) (3.5 ug/kg per min) 
E . . Total P vs. P vs. P vs. 
7 | Group* Value Rest Value Rest Value Rest 
SE Gab oc): 1.44 2.39 «0.001 2.11 «0.001 2.77 «0.001 
F, + 0.12 i 0.24 i 0.20 + 0.23 
HR 95.1 92.9 NS 97.5 NS 95.6 NS 
vs i47 + 5.0 + 5.1 + 3.6 
SVI 15.6 25.5 «0.001 21.6 «0.001 28.5 «0.001 
i 1.6 $2. + 2.0 + 2.6 
MAP 80.3 67.6 <0.001 75.2 <0.01 69.2 <0.001 
+ 2.1 + 2.9 +23 + 2.0 
SVR 25.1 15.0 <0.001 16.1 <0.001 11.3 <0.001 
+ 3.0 + 2.3 + 2.0 + 2:1 
DP 10.08 8.66 <0.01 10.10 NS 9.09 NS 
| | + 0.53 + 0.47 + 0.61 + 0.45 
PWP 32.0 0.2 <0.001 31.6 NS 23.3 <0.001 
+ 1.9 + 1.8 4122 i 1.8 
PASP 62.2 41.3 «0.001 58.0 NS 46.8 <0.001 
. + 5.0 + 5.1 + 5.4 + 4.7 
a: SPIEL. 4,65 2.34 <0.001 3.43 <0.01 2.14 <0.001 
peti "REA S: i 66 i 0.42 + 0.51 i 0.30 








. the seven patients receiving the latter dose, cardiac 
. index decreased compared with the value at the inter- 
. mediate dose. The mean cardiac index in the seven 
. patients who received both the 7 and 15 ug/kg per min 
. doses was 2.2 liters/min per m? at both levels. 

b _ Changes in stroke volume index were roughly parallel 
x with changes in cardiac index under all conditions ex- 


. cept with the large dose of dopamine. Because of the 
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k- 
. FIGURE 2. Pulmonary wedge pressure plotted at rest and during drug 
_ infusions. This pressure is significantly lower with nitroprusside than 


_ at rest, and with each combination infusion than with dopamine alone 


: at the same dose. Abbreviations and symbols as in Figure 1. 
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15 ug/kg per min. Nitroprusside alone and the small and 
intermediate doses of dopamine alone increased stroke 
volume index by at least 40 percent over the resting 
value (P «0.001 for each). Furthermore, with all three 
combinations of dopamine and nitroprusside, stroke 
volume index increased over the value with dopamine 
infusion alone (by 33 percent [P <0.01] for small, 57 
percent [P «0.001] for intermediate and 57 percent [P 
<0.001] for large dose infusions). 
Pulmonary wedge and pulmonary arterial 
pressure: Pulmonary arterial wedge pressure (Fig. 2) 
decreased in every patient during nitroprusside ad- 
ministration; the average decrease was 37 percent (from 
32 to 20 mm Hg; P «0.001). In contrast, dopamine alone 
caused no significant change in pulmonary arterial 
wedge pressure at the small and intermediate doses but 
resulted in an increase to 30 to 40 mm Hg at the 15 ug/kg 
per min dose (P <0.05). The addition of nitroprusside 
to dopamine decreased pulmonary arterial wedge 
pressure from the value obtained with dopamine alone 
by 8.3 (P <0.001), 7.6 (P <0.001) and 6.3 mm Hg (P 
<0.01) for the small, medium and large doses of dopa- 
mine, respectively. As a result of these different effects, 
the pulmonary arterial wedge pressure with maximal 
combined therapy was not significantly different from 
the value at rest (that is, wedge pressure increased with 
dopamine alone and decreased to a value near control 
level when dopamine was combined with nitroprusside), 
whereas the cardiac output was greatly increased. 
Changes in pulmonary arterial systolic pressure 
were parallel with changes in pulmonary arterial wedge 
pressure, decreasing by 30 percent during nitroprusside 
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Ret j UM 3 a Ne TENERE NE E EE ANIM TELA Ia T RE S ae 
| . DOPAMINE AND NITROPRUSSIDE IN CONGESTIVE HEART FAILURE—STEMPLE ET AL. — 
. TABLE Il continued | | Ars A 
| NU i E Nitroprusside + Nitroprusside + E. 
Berry: Dopamine Dopamine Dopaminet | Dopamine' 
og e 7 ug/k min 7 ug/kg per min (15 ug/kg per min) 15 mi z 
i uon e vs. vs. . Res vs. vs. ‘A 
a Value Rest Value Rest Value Value Rest Value Rest ; 
Vie ' 3 
x Cl 2.59 <0.001 2.93 <0.001 1.31 2.19 <0.001 3.06 <0.001 1 
PRSE, + 0. + 0.20 + 0.15 + 0.16 + 0. 1 
vu HR 104.6 «0.05 102.9 «0.05 91.7 126.3 «0.001 118.3 «0.01 x. 
x 4 5.9 + 4.8 + 7.1 +7.5 + 5.4 na 
n. SVI 24.0 <0.001 28.4 <0.001 14.9 18.3 <0.05 25.9 <0.001 a 
x + 2.0 + 2.2 + 1.9 + 2.4 + 2.7 Ge a 
SS MAP 84.0 NS 76.5 NS 81.1 95.3 <0.05 86.9 NS E 
be + 4.1 X45 X 6.3 + 4.6 + 2.5 ! B. 
| SVR 15.8 «0.001 12.7 «0.001 28.9 19.6 «0.01 13.4 «0.01 43 
i + 1.9 Ł 1.4 + 4.7 + 3.3 + 2.1 a 
DP 12.6 <0.001 10.70 NS 9.61 16.20 <0.001 13.90 <0.05 “a 
+ 0.58 + 0.42 + 0.90 + 1.27 + 1.26 * 
PWP 33.1 NS 25.5 «0.05 30.4 40.0 «0.05 33.7 E. 
+ 1.3 + 2.0 + 1.5 + 3.3 + 4.3 | A 
PASP 70.2 NS 51.3 <0.05 61.0 87.1 <0.01 73.9 NS E 
i 6.1 + 5.9 + 3.8 + 6.1 tur E 
PVR 3.13 «0.001 2.09 «0.001 5.33 4.54 NS 2.63 «001. '" 18 
+ 0.58 + 0.36 X110 ^ £070 + 0.42 c AME 
Cl = cardiac index (liters/min per m2); DP = double product (systolic blood pressure X heart rate [10° mm Hg X beats/min]); HR = heartrate — 
(beats/min); MAP = mean arterial pressure (mm Hg); P = probability; PASP = pulmonary arterial systolic pressure (mm Hg); PVR = pulmonary * 
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vascular resistance (arbitrary units); PWP = pulmonary wedge pressure (mm Hg); SVI = stroke volume index (mi/m?); SVR = systemic vascular — 


resistance (arbitrary units). 


infusion and showing little change with the small (3.5 
ug/kg per min) dose of dopamine. However, pulmonary 
arterial systolic pressure increased by 13 percent to 70 
mm Hg during the 7 ug/kg per min dose of dopamine, 
and by 45 percent to 87 mm Hg during the 15 ug/kg per 
min dose, causing moderate pulmonary hypertension. 
This pulmonary hypertension was reversed by the ad- 
dition of nitroprusside to dopamine, so that there was 
no significant difference in pulmonary arterial systolic 
pressure values at rest and during combination thera- 


Pulmonary vascular resistance, which was elevated 
at rest, was decreased significantly by each drug, from 
4.65 to 2.35 units by nitroprusside alone, and to 3.17 
units by the 7 ug/kg per min dose of dopamine (P 
<0.001). However, the greatest reduction was attained 
with combined nitroprusside and dopamine at 7 ug/kg 
per min when pulmonary vascular resistance decreased 
to 2.09 units (P «0.001). 

Heart rate and arterial pressure: Changes in heart 
rate during nitroprusside and small dose dopamine 
infusion were not significant. However, the intermediate 
and large dose dopamine infusions caused, respectively, 
an increase in heart rate of 10 percent (to 105 beats/min; 
P <0.05) and 38 percent (to 126 beats/min; P «0.001). 
This increase was smaller when the same doses of do- 
pamine were combined with nitroprusside, amounting 
to 8 percent, to 103 beats/min (P <0.05), and 29 percent, 
to 118 beats/min (P «0.01), respectively. 

- Mean arterial pressure was decreased by 18 percent 
from 80.3 to 67.3 mm Hg with nitroprusside infusion (P 


: T . €0.001) and by 5 percent to 75.2 mm Hg with small dose 
_ dopamine therapy (P <0.01). However, the large dose 
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 .  . of dopamine increased mean arterial pressure by 25 
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percent to 95.3 mm Hg; P <0.05). This increase was - 
largely reversed with the addition of nitroprusside, re- - 
sulting in a mean arterial pressure of 86.9 mm Hg (P 
<0.001). M. ; 
In summary, the changes in mean arterial pressure - 
at the drug doses administered were much smaller than — 
the changes in cardiac output, in spite of the well known | 
potent effect of these drugs on blood pressure. Indeed, — 
in our patients it can be misleading to judge the effect — 
of these agents solely by assessing changes in systemic - 
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FIGURE 3. Double product (systolic blood pressure X heart rate) plotted - 
at rest and during drug infusions. This variable is significantly lower with - 
nitroprusside than at rest, and with the intermediate (CM7) and large - 
dose (CM15) combinations than with dopamine alone at these doses. 
N.S. = not significant; other abbreviations and symbols as in Figure 
1. 3 
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4 E and pulmonary pressures without determining cardiac 


Side effects of drug therapy: Side effects of ni- 
troprusside infusion were relatively minor. Four pa- 
tients complained of headache and three of nausea 
during nitroprusside-induced hypotension. One patient 
became diaphoretic, with a mean arterial pressure of 46 
mm Hg. In contrast, four patients noted subjective 
improvement during nitroprusside therapy, with relief 
of dyspnea and diaphoresis. One patient, who had had 
hydralazine and prazosin discontinued 16 hours before, 
could not tolerate discontinuation of nitroprusside for 


.. output. When the large dose of dopamine was combined 
_ with nitroprusside, pulmonary and arterial pressures 
. were within 10 percent of values at rest, but cardiac 
. output was increased by 134 percent. 

3 The changes in double product, representing the 
combined effect on heart rate and systolic blood pres- 
.. Sure, were of greater magnitude (Fig. 3). The double 
~ product was decreased with nitroprusside infusion in 
. all but one patient (mean reduction 13 percent, from 
— 10.08 X 10? mm Hg beats/min to 8.66 X 103 mm Hg more than 15 minutes without complaining of chest pain 
E beats/min. The small dose of dopamine alone or in and dyspnea, associated with flushing and diapho- 
— combination with nitroprusside did not significantly resis. 

. alter double product. However, at intermediate and Side effects during intermediate and large dose 
— large doses dopamine resulted in a 27 and 69 percent infusions of dopamine were frequent and serious. In six 
- increase in double product, respectively (P «0.001 for patients the response to the 7 ug/kg per min dose of 
p each); these values decreased to 6 percent (P <0.01) and dopamine precluded them from receiving the larger 
dose. These side effects included frequent premature 


_ 45 percent (P «0.05) over control level, respectively, 
— with the addition of nitroprusside to dopamine. ventricular contractions (three patients), anginal chest 
— Systemic vascular resistance decreased from the pain (two patients), tachycardia of more than 130 
beats/min (two patients), nausea with emesis (two pa- 
tients), marked pulmonary systolic hypertension of 


_ value at rest in every patient at every dose of each drug 
.. (Fig. 4). The mean decrease obtained with nitroprusside 

more than 90 mm Hg (one patient) and arterial oxygen 
desaturation of less than 80 percent (one patient). 
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= was 40 percent (from 25.1 to 15.0 arbitrary units; P 
_ €0.001). Dopamine alone also decreased systemic re- 


. sistance (by 36 percent to 16.1 units, 37 percent to 15.8 
. units and 32 percent to 19.6 units at the low, medium 
. and high levels, respectively). In the seven patients re- 
. ceiving both the intermediate and large doses of dopa- 
- mine, systemic vascular resistance was further reduced 
— by the addition of nitroprusside to each dose of dopa- 
) _ mine. Systemic vascular resistance was further reduced 


__ by 30 percent when nitroprusside was added to the 

- small dose of dopamine (P <0.001), 19 percent when 

. combined with the intermediate dose (P <0.01) and 31 

. percent when given with the large dose (P «0.01). The 

= combination of nitroprusside and dopamine further 

_ lowered systemic vascular resistance (P <0.01) below 
the level obtained with nitroprusside alone. 


p <0.001 p «0.01 p « 0.01 


p < 0.001 
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. FIGURE 4. Systemic vascular resistance plotted at rest and during drug 
_ infusions. Resistance is significantly lower with nitroprusside than at 
_ rest, and with combination therapy than with dopamine alone at each 
E Abbreviations and symbols as in Figure 1. 
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Of the seven patients who received the 15 ug/kg per 
min dose of dopamine, five had frequent premature 
ventricular contractions and five had tachycardia of at 
least 120 beats/min. In addition, five patients had an 
increase in pulmonary arterial wedge pressure to 38 mm 
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FIGURE 5. Mean left ventricular filling pressure, measured as pulmonary 
arterial (PA) wedge pressure plotted against mean cardiac index. The 
arrows show the change from the value at rest produced with nitro- 
prusside (NP) and dopamine alone, and the change from the value with 
dopamine alone to that with combination therapy at each dose. Nitro- 
prusside consistently increased cardiac index at a lower wedge pres- 
sure, whereas dopamine increased cardiac index with no change in 
wedge pressure at small (DA3) and intermediate doses (DA7), but with 
an increase in wedge pressure at the large dose (DA15). Rest (15) in- 
dicates the mean value at rest for the seven patients who received the 
large dose of dopamine alone and in combination with nitroprusside. 
Other abbreviations as in Figure 1. 
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. Hg or greater. Only one patient, who had a resting heart ; 
rate of just 70 beats/min, tolerated the large dose of 


dopamine without hemodyanamic deterioration or 


scena arrhythmias. 


Determinants of cardiac output: The effect of va- 


fie - sodilator and inotropic agents on cardiac output is a 


3 . complex function of left ventricular preload, afterload, 


heart rate and contractility. Figure 5 plots the relation 


| .. between pulmonary arterial wedge pressure and cardiac 


= index during each drug infusion. There is no direct 


c . relation between pulmonary arterial wedge pressure and 


cardiac index, as would be predicted by a simple Star- 
ling mechanism with fixed impedance and left ven- 
tricular contractility. Thus the major effects of these 


_ drugs and drug combinations on cardiac output are not 


mediated by changes in preload. 

Figure 6 plots the change in cardiac index as a func- 
tion of the change in systemic vascular resistance. For 
each drug and drug combination, the change in cardiac 
output is proportional to the decrease in systemic vas- 
cular resistance. Thus, the effect of these drugs on car- 


. diac output is mediated in large part by a change in 


systemic vascular resistance. 

Figure 7 is a three-dimensional schematic illustration 
of the combined effects of preload, afterload and con- 
tractility on cardiac output. The illustration depicts a 
hypothetical three-dimensional left ventricular function 
plane at rest, which shows the change in cardiac index 
produced by changes in systemic vascular resistance and 
pulmonary arterial wedge pressure. When the con- 
tractile state of the left ventricle is altered, the plane of 
left ventricular function is elevated or lowered in three 
dimensions. This figure shows that in our patients, 
cardiac output was quite sensitive to changes in im- 
pedance and relatively insensitive to changes in left 
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- FIGURE 6. Mean systemic vascular resistance plotted against mean 


cardiac index. Changes in cardiac index from the resting state to single 
drug therapy and from dopamine to combination therapy are propor- 
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ventricular filling pressure, which explains the effec- a 
- tiveness of nitroprusside in improving circulatory — 


function. When considered in this light, even the in- | 


crease in cardiac output brought about by the inter- - 


mediate dose of dopamine was due largely to decreased 


systemic vascular resistance rather than to increased 4 


left ventricular contractility. 


Discussion 


Our data provide, for the first time, a hemodynamic. 4 ; 


dose-response relation for dopamine alone and in 


combination with nitroprusside in patients with severe | 
left ventricular failure. Previous studies of the dose- 


related hemodynamic response to dopamine in patients P 


with congestive heart failure have been limited to — 


moderate doses cf dopamine. Ramdohr et al.?? studied © : 
patients given dopamine infusions of 90, 195 and 350 


ug/min and Beregovich et al.!? gave doses of 1.5 and 10 : 


ug/kg per min. These investigators found small in-  . 


creases in heart rate and blood pressure at the largest 
dose, with a small but insignificant increase in pulmo- 


nary wedge pressure. They also reported a dose-related — 4 1 


ue. 


increase of cardiac output with each additional dose. a 


We demonstrated a dose-related increase in cardiac — 


output with dopamine until infusion rates of 15 ah A : 


per min were reached, when peripheral arterial pressure — 
began to increase. At this point the increase in afterload, — 


compared with that at lower infusion rates, resultedin — 
a less striking elevation of cardiac output. In addition, - 
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FIGURE 7. A schematic three-dimensional representation of two left ; 


ventricular function planes, each showing the cardiac index at various - 
values of preload and afterload at a given inotropic state of the left - ` 


ventricle. Experimental values at rest and with nitroprusside (NP) infusion 1 


are plotted on one plane; values with dopamine infusion at 7 ug/kg per — 


min alone (DA7) and in combination with nitroprusside (CM7) are plotted 


^ 


on a second elevated plane, indicative of increased left ventricular — 


T ~ tional to changes in vascular resistance; this finding is consistent with contractility. The figure illustrates that in our patients cardiac index was | 5 
iy. bj . the small observed changes in mean arterial pressure. Abbreviations more responsive to changes in afterload than to changes in preload or 
de E Mire 9. contractility. PA — pulmonary arterial. em 
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. there were increases in heart rate, pulmonary wedge 


pressure and, presumably, myocardial oxygen demands. 


_ Thus, we suggest that patients responding inadequately 


to higher infusion rates of dopamine might benefit 


. substantially more from the addition of a vasodilator 
— agent to their therapy than from a further increase in 
~ the rate of dopamine fusion. 


After animal studies had demonstrated that alpha 


_ adrenergic blocking agents used in combination with 
_ dopamine resulted in greater augmentation of cardiac 
. output and renal blood flow than that effected with 
_ dopamine alone;?9?? case reports appeared describing 
_ the hemodynamic benefit of alpha adrenergic blocking 


agents used in patients with vasoconstriction who were 


. unresponsive to dopamine alone.19:30 Similarly, nitro- 


prusside and dopamine together were reported to have 


. resulted in hemodynamic and clinical improvement in 


. two patients who did not respond to nitroprusside 


v 





I 


PT Pal Lo PO ae, ee ey 


* 


SS E 
ET PO 

e zi 
i^" 


alone.!? 
Recently Miller et al.?: studied the effect of combined 


— dopamine-nitroprusside therapy in nine patients with 
. mild to moderate left ventricular dysfunction. In their 
. patients, combined therapy was more effective than 
 nitroprusside alone in increasing cardiac output. 
. However, dopamine at 6 ug/kg per min produced a 
— comparable increment in output at a higher left ven- 
. tricular end-diatolic pressure when compared with 
. combination therapy. Our data extend these results to 
. patients with severe left ventricular dysfunction and 
- pulmonary congestion. [n our patients, in contrast to 
. those of Miller et al.,?! there was a highly significant 
— increment in cardiac output at all three dose levels of 
_ dopamine during combined vasodilator-catecholamine 
_ therapy over that achieved by dopamine alone. 

_ Advantages of combination therapy: Combined 
. nitroprusside-dopamine therapy offers at least three 
. major advantages over dopamine alone in refractory 
- congestive heart failure. First, for any given level of 
— cardiac output, combination therapy results in a lower 
. pulmonary wedge pressure and pulmonary arterial 
- pressure than is achieved with dopamine alone, with a 


resultant improvement in pulmonary congestion. There 


. is less metabolic demand on the left ventricle, both be- 
_ cause of a decreased heart rate-systolic blood pressure 


product and because of a reduction in left ventricular 
diastolic volume, with its resultant decrease in wall 


tension. A smaller dose of dopamine, possible in com- 
_ bination therapy, also decreases the contractile state of 
_ the left ventricle and further reduces metabolic demand. 
. Finally, a smaller dose of dopamine decreases the inci- 
. dence of other side effects of dopamine, such as ven- 
tricular irritability and nausea, in addition to tachy- 
cardia and angina. 


Combination therapy also offers advantages over 


nitroprusside therapy alone. There is a greater aug- 


mentation in cardiac output than is achieved with ni- 


 troprusside separately. Mean arterial blood pressure is 
maintained, thus assuming adequate renal, cerebral and 


coronary arterial perfusion, and allowing nitroprusside 


. therapy of hypotensive patients. 


Role of mitral regurgitation: The changes in pul- 
monary wedge pressure that we observed with both 
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drugs may be due in part to changes in the degree of 
mitral regurgitation and resulting pulmonary wedge V 
wave, rather than solely to changes in vascular compli- 
ance and left ventricular functional state. Hemody- 
namic improvement during nitroprusside therapy has 
been previously reported in patients with mitral re- 
gurgitation.3233 However, the degree of improvement 
produced with nitroprusside and the degree of pulmo- 
nary wedge elevation during dopamine therapy were not 
consistently related to the degree of mitral regurgitation 
in each patient. These findings suggest that changes in 
the degree of mitral regurgitation associated with 
pharmacologic interventions were not major determi- 
nants of the beneficial effects of combined treatment 
we observed. 

Other potential uses of combined therapy: Our 
study measured changes in cardiac output but did not 
investigate changes in regional blood flow. Thus the 
relative merits of combined versus single drug therapy 
in individual patients with myocardial ischemia, oliguria 
or altered mentation remain to be established. Never- 
theless, the potential uses of combined nitroprusside- 
dopamine therapy are not limited solely to cases of re- 
fractory congestive heart failure. These drugs may also 
prove useful in managing patients with postoperative 
left ventricular failure, which is often associated with 
a high systemic vascular resistance. Pulmonary edema 
and cardiogenic shock should also be amenable to 
combination drug therapy in individual patients. 

Therapeutic implications: Several clinical con- 
clusions are suggested by these studies. First, although 
the approach to any patient with left ventricular dys- 
function depends upon the specific clinical setting, for 
best management in critical cases an arterial line and 
Swan-Ganz thermodilution catheter should be inserted 
to allow determination of preload, afterload and cardiac 
output. Second, in many patients with left ventricular 
dysfunction and an elevated left ventricular filling 
pressure, nitroprusside therapy alone will prove ade- 
quate. Third, if inadequate cardiac output persists, the 
addition of dopamine to nitroprusside should result in 
further hemodynamic improvement. Finally, the pa- 
tient may be given oral medication such as hydralazine 
and isosorbide dinitrate, and the hemodynamic effect 
can be directly measured. 

We have demonstrated that the combination of va- 
sodilator and inotropic therapy with nitroprusside and 
dopamine results in hemodynamic improvement not 
attainable with either drug alone. Major disadvantages 
of the individual agents are avoided, and cardiac output 
is increased over the level achieved with any dose of 
either drug. We conclude that combined dopamine and 
nitroprusside therapy provides an excellent method of 
reversing refractory congestive heart failure in appro- 
priately selected patients. 
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Human Electropharmacology of Tocainide, a Lidocaine Congener 


The electropharmacology of tocainide, an orally active congener of lid- 
ocaine, was evaluated in 10 patients with coronary artery disease. 
Electrophysiologic measurements including sinus nodal recovery time, 
sinoatrial conduction time, intraatrial conduction time, atrial, atrioven- 
tricular (A-V) nodal and ventricular refractory periods and intraventricular 
conduction time were obtained before and after intravenous infusion of 
tocainide. At blood levels shown to be effective against ventricular ar- 
rhythmias, tocainide produced no statistically significant changes in the 
electrophysiologic measurements, although occasional marked individual 
effects were observed. No side effects were observed during these 
studies. No adverse effects on A-V conduction were observed in patients 
with an intraventricular conduction disturbance or a prolonged control 
H-V interval. Thus, plasma tocainide concentrations effective in the 
therapy of ventricular arrhythmias exert no adverse effects on cardiac 
electrophysiologic properties in patients with coronary artery disease. 


Tocainide, a congener of lidocaine, is an effective antiarrhythmic agent 
that is active orally.!? Although studies of tocainide in isolated prepa- 
rations and animal models suggest that it is electrophysiologically similar 
to lidocaine,!? the effects of tocainide on human cardiac electrophys- 
iology have not been reported. This study was undertaken to evaluate 
comprehensively the electropharmacology of tocainide in human subjects 
with coronary ertery disease. 


Material and Methods 


Subjects: Ten patients with coronary artery disease were studied after in- 
formed consent was obtained (Table I). Coronary artery disease was diagnosed 
on the basis of a history of documented myocardial infarction (four patients), 
angiographically demonstrated coronary artery disease (greater than 70 percent 
luminal narrowing of at least one coronary vessel) (five patients) or classic angina 
pectoris (five patients). Five patients had ventricular arrhythmias, and four had 
an intraventricular conduction disturbance. Each patient was undergoing routine 
electrophysiologic study for clinical symptoms. No cardiac angiographic studies 
were performed within 24 hours of the tocainide studies. The protocol was ap- 
proved by the University Committee on the Use of Human Subjects. 

Electrophysiologic procedures: Right heart catheterization was performed 
with patients in the nonsedated postabsorptive state. Antiarrhythmic drugs were 
withheld for 48 hours before the study. Quadripolar electrode catheters were 
introduced percutaneously and positioned under fluoroscopic control in the right 
atrium (RA), coronary sinus (CS) and right ventricular apex (RVA). In two pa- 
tients an additional catheter was positioned in the left ventricle. Bipolar elec- 
trograms were recorded with the proximal electrodes, and stimulation was 
performed through the distal electrode pair. A His bundle electrogram was ob- 
tained by positioning a tripolar electrode catheter across the tricuspid valve. 
The intracardiac electrograms were filtered at 40 to 500 hertz and simultaneously 
displayed with three surface electrocardiographic leads (I, aVF and V4) and time 
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/. TABLE | 
. Clinical Data 
Us pa Case Age (yr) Documentation 
bots . no. Bs ECG of CAD 
3 e Y 62M NS ST-T Angina pectoris 
MI. 52 56F RBBB, LAHB Angina pectoris 
AE 52M NS ST-T Angina pectoris, MI 
Low 59M 1° AVB, IMI Angina pectoris, MI 
5 51M Normal Coronary angiography 
3 6 50F RBBB, LAHB Angina pectoris 
: RT. 46M Normal Coronary angiography 
8 52M LBBB Coronary angiography, MI 
9 57M LIVCD Coronary angiography 
+10 47M AMI Coronary angiography, MI 


— AMI = anterior myocardial infarction; CAD = coronary artery 
disease; ECG = electrocardiogram; IMI = inferior myocardial in- 
farction; LAHB = left anterior hemiblock; LBBB = left bundle branch 
block; LIVCD = pep ip eed conduction defect, left bundle 
“eal block pe = documented myocardial infarction; NS ST-T 

pecific ST-T wave abnormalities; 1° AVB = first degree A-V 
block; | RBBB = = right bundle branch block. 


lines generated at 10 and 100 msec on a multichannel oscil- 
loscope (Electronics for Medicine, DR-16). Data were stored 
on magnetic tape (Honeywell 5600C) and retrieved on pho- 
- tographic paper at speeds of 100 to 200 mm/sec. 
| Measurements: Programmed stimulation was performed 
with a custom-designed digital stimulator with isolated con- 
stant current sources. Stimuli were 1 msec in duration and 
twice diastolic threshold. Electrophysiologic measurements 
were made of sinus nodal and corrected sinus nodal recovery 
times*5; sinoatrial? and intraatrial" conduction times; atrial,® 
anterograde atrioventricular (A-V) nodal? and ventricular 
effective refractory periods?; His-Purkinje system relative 
refractory period!?; and intraventricular conduction time 
(measured from the onset of ventricular activation [Q] in the 
surface electrocardiogram to the right ventricular apical 
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TABLE Il E- 
Plasma Tocainide Concentrations (ug/ml) 5 
Case Infusion Rate E 
no. To T45 (mg/kg per min) — nm 
1 1.3 1.2 0.5 X 
2 2.5 2.9 0.5 - 
3 1.6 2.0 0.5 SA 
4 2.0 1.7 0.5 É 
5 5.8 4.9 0.75 * * 
6 6.1 5.6 1.0 EO 
7 14.3 11.4 1.0 EA 
8 12.4 5.9 1.0 EU 
9 10.8 7.9 1.0 Y 
10 16.9 5.6 1.0 2 
To = end of tocainide infusion; T45 = 15 minutes after end of E 
tocainide infusion. UA 


electrogram [Q-RV interval] and the left ventricular electro- —— 
gram recorded in the coronary sinus!! or directly from the left 
ventricular cavity [Q-LV]). All refractory periods were mea- 
sured at a paced cycle length of 600 msec. Conduction intervals _ 
were measured during sinus rhythm and atrial pacing at a — 
cycle length of 600 msec. Measurements of conduction times — 
were made at the point at which the first rapid deflection of — 
the respective electrograms crossed the baseline. Sinus cycle — 
length, P-R interval, QRS duration and Q-T interval were — — 
measured in simultaneously recorded leads I, aVF and V; at — . 
a paper speed of 200 mm/sec. The corrected Q-T interval m 
(Q-Tc) was calculated from these data. 3 
Tocainide infusion: After control measurements were — 
obtained, tocainide was infused by an Imed pump at doses of gt 
0.5, 0.75 or 1.0 mg/kg per min for 15 minutes. Only one dose —_ 
was used in each patient. Venous blood samples for determi- _ 
nation of tocainide plasma cconcentration! were obtained 
before and 1, 5, 10, 15, 20, 45, 75 and 195 minutes after the — 
start of the infusion. Blood pressure was measured with a  __ 


TABLE Ill P. | 
Electrocardiographic Intervalst and Blood Pressure Response to Tocainide Infusion | ; E 
-.^* Case P-R RS Q-T Qe BP (mm E 
NE 70 19 - 4 50 0 Tus 105 7 19: 7 4 71385 20 To Tis 0 15 D 
1 160 155 158 100 100 102 . 400 370 380 454 416 432 116/  126/ 1200 
2: 162 160 162 |. 124 120 ^ 120 372 360 354 459 444 437 1200 125/ 1154 —— 
3 182 172 180 100 100 > 100 422 402 410 502 462 471 140/ 136/ | 1457 E 
K.-. 290 3 278. . 272 98 100 100 420 410 428 416 410 420 180/ 170/ 1707 E 
5 182 196 200 112 109 106 372 364 354 423 418 402 160/  180/ 160/ PS. 
E E 440.7. 162 1490 1322 -. 194... 120 430 410 400 483 461 454 140/  136/ 1367 s à 
t 7 192 190 192 85 85 85 320. :812 a0 — 381. 971^ aA 130/  135/ 140/ E 
: 8 202 200 200 142 144 140 330 330 330 402 402 400 115/ 120/ 120  - 
9 196 194 196 120 120 124 320 322 320 381 398 390 135/  130/  135/ E 


"Bn 
- 
eo 


122 . 120 120 80 82 80 338 


Mean 183 183 184 108 109 98 
SOD 445. 341 7 440* ID 4:19". 30^ - 


| 3 dne No significant change from control measurements. 
is b * All interval measurements in milliseconds. 


BP = blood pressure; C = control; SD = standard deviation; To = end of tocainide infusion; Tis = 
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70 75 75 j 
350 350 349 391 391 1107 = 116/. 134187  —À 


372 363 363 425 417 416 s 320 
A44 +96" i40* +49 i49" +33" ae diene, 
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= TABLE IV 
Sinus Nodal Function Before and After Tocainide* 
- | Sinoatrial Conduction Time 
. Case Sinus Cycle Len SNRT/CSNRT (normas <150 msec} 
Raia." Mpegs A 0 15 0 15 0 15 
$ nad 775 800 775 1200/425 1100/300 1200/425 150 105 90 
: v NS 650 650 650 1050/400 1020/570 970/330 110 100 100 
o So 700 750 750 1040/340 1090/340 1000/250 75 60 55 
ULM TR" op 1020 1000 1050 1600/580 1620/620 1580/530 190 170 165 
“Rye A 780 750 780 1280/500 1200/450 1240/460 210 85 150 
pol 800 800 770 1150/350 1150/300 1120/380 100 120 160 
M DOE 700 700 720 1200/500 1150/450 1200/480 115 65 45 
s 8 ‘680 680 670 880/200 1100/420 950/280 105 85 85 
` 9 700 660 680 950/250 920/260 920/290 100 105 100 
10 960 760 760 1200/240 1030/270 1100/340 115 125 165 
»  . Mean 776 755 760 1155 + 200/ 1138 + 187'/ 1128 + 196!/ 127 102 111 
Qu c SED +123 +1017 +1121 378 + 126 398 + 126! 371+ 100! i43 + 32t + 45! 













I * All measurements in milliseconds. 
E * No significant change from control measurements. 

C = control; CSNRT = corrected sinus nodal recovery time (normal less than 550 msec); SACT = sinoatrial conduction time (normal less than 
150 msec); SD = standard deviation; SNRT = sinus nodal recovery time (normal less than 150 percent of sinus cycle length or less than 2,000 
msec); To = end of tocainide infusion; T45 = 15 minutes after end of tocainide infusion. 
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TABLE V 








-Refractory Periods Before and After Tocainide Infusion 
E =- Case  . A-ERP AVN-ERP HPS-RP RV-ERP 
EX no. <i TRA RL 0 15 0 15 0 15 
* 1 300 240 240 i AM M 440 380 380 240 240 250 
Eua: 210 200 210 250 270 260 vs a "e 210 210 210 
nu---g- 320 280 280 530 950 450 625 520 520 250 250 250 
É DOM. 260 280 250 390 380 400 3 ue pat 240 250 250 
Š 5 250 240 250 290 260 270 450 425 425 210 220 220 
E f 210 200 200 210 220 200 Jis. w ed 210 200 200 
* ens 230 220 210 370 330 350 190 190 190 
Gere. m 260 260 250 T is ci 240 240 240 
ES X 220 220 220 320 300 290 210 180 200 
4.10. 250 260 210 300 280 260 wee s s 260 260 260 
Mean 251 240 232 332 311 310 505 441 441 226 224 227 
XSD +37 i30'  +26° +99 1i74* +83° +104 +71° +71° +23 +28° +26° 








= * No significant change from control measurements. 

= AERP = atrial effective refractory period (normal 170 to 300 msec); AVN-ERP = A-V nodal effective refractory period (normal 230 to 425 msec); 
. . HPS-RP = His-Purkinje system relative refractory period (normal 330 to 450 msec); RV-ERP = right ventricular effective refractory period (normal 
170 to 290 msec); SD = standard deviation. 








TABLE v 
-intracardiac Conduction Times (msec) 
ks . Case P-HRA P-MRA P-LRA P-HBE 
no. 0 15 0 OS: RR POMP UAE ES, TVAE SEO CCS UP 
b 1 26 31 30 42 42 44 57 60 64 65 65 65 
D 2 10 10 10 30 32 32 54 50 50 30 30 30 
y 79 35 32 30 10 15 12 63 59 60 60 62 62 
ETT . 40 30 30 5 0 5 50 52 52 48 45 45 
eS BA gaat 80 12 10 30 32 30 62 64 64 50 52 50 
Bo 5295 20 20 20 29 32 35 62 65 65 40 40 40 
7 22: 22 21 30 30 30 52 52 52 70 70 70 
f 8 20 20 20 12 10 12 85 82 84 40 40 35 
J 9 38 38 23 60 50 45 50 50 50 65 62 60 
Res: 10 0 0 0 18 18 15 30 35 38 30 30 30 
t Mean 22 22 19 27 26 26 57 57 58 50 50 49 
| +SD i13 +12° +10* +16 +15* +14° +14 +12* +15* +15 +15* +15* 


3 4 
l 


interval of His bundle electrogram measured during sinus rhythm (normal 70 to 150 msec) (values in parentheses are A-H intervals 
atrial pacing at a cycle length of 600 msec); C = control; H-V = H-V interval of His bundle electrogram measured during 
to 55 msec); P-HBE = onset of P wave to atrial electrogram in the His bundle electrogram (normal 43 + 8 msec); P-HRA 


He signifon Sip bi control measurements. 
= A-H 


measured during high 
sinus rhythm (normal 3 
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sphygmomanometer at the time of each blood sample. The 
electrophysiologic measurements were repeated at the end of 
the infusion (To) and 15 minutes (T5) after the end of the 
infusion. The statistical data were analyzed using Student's 
paired t test. 
: Results 


— 'Theinfusion of tocainide was accomplished at all dose 
levels without side effects. The tocainide blood levels 
at which the electrophysiologic measurements were 
made are indicated in Table II. Tocainide caused no 
significant change in heart rate, blood pressure, P-R 
interval, QRS duration or Q-T (Q-Tc) interval (Table 
III). 
There were no statistically significant alterations in 
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(Table V). In the two remaining patients, the effective 
refractory period of the atrium was reached before that 
of the A-V node could be determined. The effects on 
A-V nodal refractoriness were variable. In the patient 
with the longest effective refractory period of the A-V 
node (Patient 3), tocainide caused a marked reduction 
of refractoriness (80 msec), but in two patients (Patients 
2 and 4) there was a minimal increase. No significant 
change was observed for the group. 


His-Purkinje system: There were no changes in the 


H-V interval after tocainide infusion, even in the pa- 
tients whose control H-V interval was prolonged (Pa- 
tients 1, 2, 6 and 8) or in the patients who had bifasci- 
cular block (right bundle branch block/left anterior 
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any electrophysiologic measurement during these hemiblock) or left bundle branch block (Table VI). B 
studies. Furthermore, no significant effects were ob- His-Purkinje refractoriness could be measured in three — — 
served specifically in patients attaining the highest patients and showed a modest but not statistically sig- — 
plasma tocainide concentrations. nificant decrease. a 
Sinus node: The sinus nodal and corrected sinus Ventricle: Tocainide produced no significant change 
nodal recovery times were not significantly changed by in the effective refractory period of the right ventricle _ 
tocainide (Table IV). Although in three patients (Pa- (Table V). 1 
tients 1, 3 and 7) the recovery time decreased, the dif- P. 
ference was not statistically significant for the entire Discussion B 
group. No patient had abnormal sinus function during Since its introduction as an antiarrhythmic agentin — 
control measurements. 1950,1? lidocaine has become the agent of choice in the — 
Atrium: The effective refractory period of the atrium acute management of ventricular arrhythmias and the | 
(A-ERP) was not significantly changed by tocainide prevention of ventricular fibrillation during acute  - E 
(Table V). However, in three patients marked short- myocardial infarction.!? However, the use of lidocaine — 
ening of this period (40 to 60 msec) was observed. The has been restricted by the lack of an oral preparation. — 
change in these patients could not be explained by dif- In this report we have presented the clinical electro- — . 
ferences in control measurements or the effects of other physiologic effects of tocainide, a lidocaine congener — 
drugs such as digitalis. Similarly, intraatrial conduction that is orally effective. Our studies were performed after — 
was not affected by tocainide (Table VI). intravenous administration of tocainide because this . 
A-V node: Neither the A-H interval measured during method assured predictable blood levels and avoided —— 
sinus rhythm or at a paced atrial cycle length of 600 the delay required for absorption after oral adminis- — . 
msec nor the pacing cycle length at which type I tration. ^ 
(Wenckebach) A-V nodal block occurred was altered by Comparison of tocainide and lidocaine: Like lid- — — 
tocainide (Table VI). The effective refractory period of, ocaine,!914-17 tocainide exerts no significant effect on | 
the A-V node could be measured in eight patients sinus nodal function or atrial, A-V nodal or ventricular — | 
E 
; 
TABLE VI continued a 
Case P-LA/CS A-H H-V Q-RV Q-LV a 
no. C To Tis C To T15 C To Tus © To li C To lis E 
1 80 90 90 65(70)  62(65) 65(68) 62 60 60 28 30 25 38 40 45 d 
2 Sins EE. Wi 70(100) 70(92) 70195) 52 52 52 38 38 38 E 
3 102 102 103 80(110) 80(105)  80(105) 55 55 56 30 30 29 70 70 71 y, 
4 d. ANA ra 165(190) 150(180) 155(185 50 50 50 0 0 0 75 
5 100 100 100 105(120) 100(115) 180(120) 55 55 55 40 40 40 63 49 63 E 
6 80 80 80 80(90) 80(90) 50 50 50 .20 10 20 30  -20' :-00 E 
7 ed 100(140) 100(138) 100(140) 52 52 52 26 26 26 NER XU 3 
8 V $ à 90(85) 100(80) 90(83) 55 55 55 5 ^5 5 65 65 55 JM 
9 78 75 70 100(110) 100(115) 100(115) 50 50 50 20 20 20 30 30 30 A 
10 t" 65(80)  65(70  65(72) 50 50 50 12 15 18 18 20 22 3 
Mean 88 89 89 924+ 30 914+ 26* 99+39* 54 52 53 22 21 22 45 44 45 3 
' ERA ENR? S16 (090 (e£ (07$ 64 à kr kdo Ld MM 
= onset of P wave to high right atrial electrogram (normal 15 + 11 msec); P-LA/CS = onset of P wave to left atrial/coronary sinus atrial electrogram 3 


normal 77 + 8 msec); P-LRA = onset of P wave to low right atrial electrogram (normal 41 + 13 msec); P-MRA = onset of P wave to mid right atrial Y 
Ooh (normal i2 + 9 msec); Q-LV = Q wave to left ventricular electrogram measured during sinus rhythm (normal 41 + 15 msec); Q-RV s 
= Q wave to right ventricular electrogram measured during sinus rhythm (normal 18 + 9 msec); SD = standard deviation; To = end of tocainide — 
_ infusion; T45 = 15 minutes after end of tocainide infusion. | ! 
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ROPHARMACOLOGY OF TOCAINIDE—HOROWITZ ET AL. — 


refractory periods. Some patients, however, have 
marked changes in these functions. Similar marked 


. individual changes in refractory periods have been 


noted after administration of lidocaine.!9 
J One of the most important features of lidocaine is its 


i Y. favorable therapeutic/toxicity ratio. Effective levels of 
. the drug are associated with few clinical side effects and 


little adverse effect on A-V conduction. However, 
infra-His conduction disturbances have been attributed 
to lidocaine administered in the presence of a diseased 


.. A-V conduction system.^1918 Although in experimental 


studies tocainide in toxic doses caused prolongation of 


both A-H and H-V intervals and ventricular activation 


time,’ in our patients with and without preexisting in- 


= traventricular conduction defects, tocainide produced 
= nochanges in infra-His or intraventricular conduction 


during basal conditions or during anterograde stress of 


— the conduction system. The plasma tocainide levels in 
our patients (1.3 to 16.9 ug/ml) were within the thera- 
_ peutic range, and we were unable to document any ad- 


verse effects on A-V conduction when tocainide was 


_ administered at appropriate plasma concentrations. 
— However, because lidocaine toxicity of this type often 
= occurs during high plasma concentrations,!? it is pos- 
— sible that tocainide may cause similar toxic effects at 
-~ plasma levels above the therapeutic range. 


. Clinical implications: The antiarrhythmic efficacy 
of tocainide was recently investigated by Winkle et al.? 


š "Their study showed that tocainide in plasma concen- 


3 at PIC 14 
" Aa 
, A. 


trations of 5 to 18 ug/ml effectively suppressed a variety 
of ventricular arrhythmias. In our study, similar plasma 
tocainide concentrations effective in the treatment of 
ventricular arrhythmias without clinical toxicity exerted 
no adverse effects on cardiac electrophysiologic prop- 
erties in patients with coronary artery disease, a group 
in which tocainide may be especially useful. 

It is not surprising that tocainide has little effect on 
clinical electrophysiologic properties although it is ef- 
fective against ventricular arrhythmias. Tocainide’s 
ability to depress the slope of phase 4 depolarization and 
hence suppress enhanced automaticity cannot be as- 
sessed from clinical electrophysiologic studies. Moore 
et al.? demonstrated that tocainide possesses this ability 
in vitro and in vivo. Furthermore, lidocaine, which has 
potent antiarrhythmic effects, similarly produces 
minimal clinical electrophysiologic changes. The effects 
of tocainide and lidocaine may be exerted through al- 
terations of membrane responsiveness and local con- 
duction and refractoriness; these alterations cannot be 
assessed with electrophysiologic testing in man. 
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A new technique, using an atraumatic indwelling catheter, has been de- 
veloped for short-term management of large or rapidly reaccumulating — 


pericardial effusions. This technique (1) permits continuous pericardial 
fluid drainage, obviating repeated aspirations; (2) provides a convenient 


route for intrapericardial instillation of chemotherapeutic agents; and (3) 


enables one to await the results of diagnostic studies without subjecting 
a patient to thoracotomy. Experience in three patients suggests that in 


some cases the use of this catheter may eliminate the need for surgery; 


in others, it may serve as a valuable temporary measure to achieve sta- 
bilization of the patient's condition. 


Although successful pericardial aspiration was performed as early as 
1840,! the importance of pericardiocentesis for diagnostic and thera- 
peutic purposes has become widely recognized only in the past 40 years. 
It is usually undertaken with some trepidation because of potential 


complications, including arrhythmias, cardiac perforation and coronary — 


arterial laceration. Occasionally recurrent cardiac tamponade or a large 
pericardial effusion requires repeated pericardiocentesis and the con- 
sideration of open drainage or pericardiectomy. However, in very ill 
patients, repeated aspirations or surgical procedures requiring general 


anesthesia easily lead to morbidity. We describe a safe and simple - 
technique for insertion of a soft large-bore curved radiopaque catheter 


containing multiple side holes that permits prolonged pericardial fluid 


drainage and makes possible intrapericardial instillation of chemo- — 


therapeutic agents. The technique is especially useful in patients with 
hemorrhagic or suppurative effusions in which the fluid is viscous or 
prone to clotting as in cases of malignant, purulent or uremic pericar- 
ditis. 

Methods and Results 


This procedure has been performed recently in three patients who had a large 
pericardial effusion with recurrent cardiac tamponade. The clinical information 
and results of pericardiocentesis are summarized in Table I. 

After the extent of the pericardial effusion was documented with echocardi- 


ography, pericardiocentesis was performed in the intensive care unit under sterile bi, 


conditions using standard techniques.? The xiphisternal route is preferred be- 
cause it avoids the pleura and major coronary vessels. After the skin and sub- 


cutaneous tissues were anesthetized, a thin-walled no. 18 Seldinger needle, di- __ 


rectly monitored by attachment to the precordial lead of a well grounded elec- 


trocardiograph,? was introduced just below the xiphoid process. The needle was — 


slowly advanced until the pericardial space was entered or until S- T segment 
elevation or ventricular extrasystoles appeared in the monitoring electrocar- 
diogram. When the pericardial space was entered and the needle tip lay freely 
in the pericardial fluid, the stylette was removed and samples of fluid were as- 
pirated for chemical, bacteriologic, cytologic and immunologic examination. A 


Teflon®-coated spring guide wire with a flexible tip (Argon Medical Corporation, _ | E 


no. 395321) was passed through the needle, which was then withdrawn. A no. 
8F vessel dilator (Cordis no. 501-200) was then introduced over the guide wire, 
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q TABLE! - | 
. Clinical Data and Results of PWiscsrdiodentéels 
| h SE | Prior Total Pericardial 
ets ee ta Radio-/ no. of Indwelling Fluid Fluid Duration of 
Case — Chemo- Periocardio- Catheter Removed Cytologic Other Effusion 
ne. 4 5 | Diagnosis Therapy centeses Time (ml) Study Treatment Control 
= 1  . Metastatic No/Yes 2 2 days 890 Positive 800 rads, 6 mo. 
s T TAR -~ breast pericardium 
Av bas ror carcinoma 
3 2 Metastatic Yes/No 3 8 days 3150 Positive 60 u Bleomycin, 14 days 
lung pericardial space 
carcinoma 
3 Metastatic Yes/No 3 6 days 2650 Positive 60 u Bleomycin, 2.5 mo. 
lung pericardial space 
carcinoma 


nia iiir the tract into the pericardial space. A no. 8F 
_ polyurethane femoral-ventricular “pigtail” catheter with 12 
| -side holes and 1 end hole (Cordis no. 523-850), cut short and 





fitted v with a hub adaptor, was passed into the pericardium 
ed over the guide wire. Fluoroscopy permitted placement of the 
E. catheter i in a dependent portion of the pericardial space for 
ma optimal drainage of fluid. The catheter was attached by means 
. of a three way stopcock and connecting tubing to a closed 
b Sterile container with vacuum drainage. The catheter was 
. flushed aseptically every hour with 2 to 3 cc of heparinized 
E . saline solution, and the amount of drainage was recorded. To 
. facilitate evacuation of the pericardial fluid, the patient's 
.. position was periodically changed from side to side, upright 
and supine. 
bi cera was maintained during insertion of the catheter and 
d hile it remained in place. The point of entrance of the 
| P atheis: hub and adaptor required careful sterile dressing, and 
-any manipulation or flushing was performed aseptically. 












Discussion 


SEasertión of an intrapericardial catheter avoids the 
+ "need to have a rigid needle in the pericardial space for 
et prolonged period of time or to perform repeated as- 
c . pirations i in cases of large or rapidly reaccumulating 
> pericardial effusions. The catheter system described 
A . here i is superior to small-bore tubing inserted through 
. the aspiration needle because this catheter is larger and 
. the multiple side holes make occlusion by viscous or 
- hemorrhagic fluid less likely.45 In addition, the curved 
. end of the “pigtail” catheter is less likely than the blunt 
tip of a straight catheter to lacerate epicardial coronary 
— vessels. In our experience, this curved catheter has not 
2 _ provoked cardiac arrhythmias by contact with the heart. 
AME necessary, the catheter can be changed with ease, and 
in one case when satisfactory drainage ceased after 72 
_ hours, a guide wire was reintroduced, the catheter 


Si Kilpatrick ZM, Chapman CB: On pericardiocentesis. Am J Cardiol 
.. 16:722-728, 1965 
2. Spodick DH: Acute cardiac tamponade. Pathologic physiology and 
. management. Prog Cardiovasc Dis 10:64-96, 1967 
m... Bishop LH Jr, Estes EH Jr, Mcintosh HD: Electrocardiogram as a 
j safeguard i in pericardiocentesis. JAMA 162:264-265, 1956 
__ 4, Owens WC, Schaefer RA, Rahimtoola SH: Pericardiocentesis: in- 
z sertion of a pericardial catheter. Catheterization and Cardiovasc 
-Diagnosis 1:317—321, 1975 
-= 5. Glancy DL, Richter MA: Catheter drainage of the pericardial ere 
Catheterization and "hoe T vinee 1:311-315, 1975 
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ee and a new catheter inserted for an additional | 
5 days. 

Clinical applications: An indwelling catheter in the 
pericardial space permits one to await the results of 
diagnostic studies such as cytology without subjecting 
a patient to general anesthesia and thoracotomy. In 
Patient 1, who had metastatic breast carcinoma, the 
diagnosis of malignant pericardial effusion was made 
from cells aspirated from the pericardial space and the 
recurring tamponade was controlled while radiotherapy 
was initiated. After administration of 800 rads to the 
pericardium, the pericardial drainage ceased and the 
catheter was removed. There was no recurrence of 
tamponade or clinically apparent effusion during a 6 
month follow-up period. 

In addition, antineoplastic, antiinflammatory or 
antibiotic agents can be instilled through this indwelling 
catheter. In Patient 3, for example, pericardial lavage 
with a Bleomycin solution was erland during a 6 day 
period, after which the catheter was removed without 
recurrence of the effusion. 

This procedure may be useful in patients with hem- 
orrhagic uremic pericarditis and recurrent tampon- 
ade,?" malignant pericardial effusion?? or purulent 
pericarditis and a large pericardial effusion. It may also 
be applicable in patients with traumatic hemopericar- 
dium or with hemorrhagic pericarditis secondary to 
postmyocardial infarction syndrome. In some patients, 
the procedure may make pericardiotomy or pericardi- 
ectomy unnecessary or entirely eliminate the need for 
surgery; in others, such as critically ill patients for whom 
emergency or urgent surgery would represent a signif- 
icant additional risk, it may be a valuable temporary 
measure permitting stabilization of the patient’s con- 
dition. 
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Discrete subaortic stenosis tends to be a progressive, severe defect that _ 


occurs most often in children. Of 138 patients who underwent operation — 
for this defect at the Texas Heart Institute and affiliated hospitals from — 
1956 to 1976, only 36 patients (26 percent) were adults. The clinical, 3 . 
hemodynamic and surgical findings and follow-up data of these 36 pa- 
tients, aged 18 to 65 years, are reviewed. The high incidence rate of as- 5 
sociated cardiac defects and bacterial endocarditis is emphasized. Fol- — 
low-up information, available for 22 of the original 36 patients, revealed  - ; 
three perioperative and two late deaths. One patient died 6 months after 
operation of unknown cause, and another died 4 years later of myocardial — - 
infarction. Fifteen of the 17 known survivors are asymptomatic or in im- 
proved condition. A 
The symptoms and electrocardiographic findings of discrete subaortic — — 
stenosis are similar to those of aortic valve stenosis. The presence of an 
aortic ejection click or calcification of the valve on chest roentgenography — 
or fluoroscopy indicates a diagnosis of valve stenosis. The usual criteria E 
for diagnosis, localization of the gradient below the aortic valve at cardiac — 1 
catheterization or angiographic demonstration of discrete subaortic — - 
stenosis, are not always evident. Echocardiography may aid in determining — 
the diagnosis by demonstrating early systolic closure of the aortic valve — 
leaflets. An acceptable low surgical mortality rate can be achieved; - 
however, some patients require aortic valve replacement or multiple C: 
operations for adequate repair of their defect. Patients with a thin mem- — 
brane generally have a more favorable result than those with a fibro- | 
muscular collar or secondary muscular hypertrophy. Aortic regurgitation 
is not always predictable and may recur or progress postoperatively. .— 
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Since its first description by Chevers! in 1842, congenital discrete sub- — 
aortic stenosis has been recognized as a cause of obstruction of the left — 
ventricular outflow tract. This anomaly accounts for 10 to 20 percent — 
of all cases of congenital aortic stenosis.?-9 Most patients reported on?-14 — 3 
are younger than 18 years of age. Brock!? once suggested that subvalve - P. 
aortic stenosis is a severe lesion that usually causes death before adult-  . 
hood in untreated patients. Other reports,?:14-16 including data from — 1 
serial hemodynamic studies, also support this observation of rapid - E 
progression of obstruction in patients with subaortic stenosis. In this — 
study we review the clinical, hemodynamic and surgical results of discrete 38 
subaortic stenosis in 36 adults. E 


Materials and Methods | i 


From 1956 to 1976, a total of 138 patients with discrete subaortic stenosis were 3 
operated on at the Texas Heart Institute and affiliated hospitals. Thirty-six of - 
these patients (26 percent) were adults, ranging in age from 18 to 65 years (Fig. 
1). Patients younger than age 18 years were excluded from the study. All 36 pa- 
tients underwent surgical correction of their cardiac defects. Before operation 
right and left heart catheterization was performed in 30 patients, and right heart 
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DISCRETE SUBAORTIC STENOSIS IN ADULTS—SUNG ET AL. 
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FIGURE 1. Distribution of age (in years) in 36 adult patients with discrete 
E ‘Subaortic stenosis. 


catheterization alone in 2. A repeat cardiac catheterization 
was performed postoperatively in seven patients. 

Cardiac catheterization: This procedure was usually 
-.. performed with mild sedation and no general anesthesia. The 
f left ventricle was entered in a retrograde manner from the 
4 brachial artery. The gradient across the site of obstruction was 
obtained with a pullback pressure recording from the apex of 
the left ventricle to the ascending aorta. All pressure mea- 
surements were recorded before left ventricular angiography. 
An aortic root angiogram was also obtained to assess the se- 
verity of aortic regurgitation. 
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TYPE I 





TUNNEL SUBAORTIC STENOSIS 


Surgical procedures: Operation involved resection of the 
subaortic membrane or collar alone, or resection plus aortic 
valve replacement and repair of the associated defects, de- 
pending on the findings in each patient. All patients under- 
went operation by staff surgeons using techniques described 
previously.7?:17.18 Temporary cardiopulmonary bypass with 
disposable plastic-bubble oxygenators primed with 5 percent 
dextrose was used, and the patient's body temperature was 
maintained at normothermic levels. Operations were per- 


formed through a median sternotomy. A transverse or oblique - 


incision was made approximately 1 cm above the coronary 
ostia to ensure adequate visualization of the valve and sub- 
valve areas. The fibrous membrane was excised with a knife 
or scissors, avoiding the anterior leaflet of the mitral valve. 
Coronary perfusion was not used in patients who had resection 
alone because of the short length of time required for this 
procedure. Cardiac hypothermia was usually used in the pa- 
tients who required concomitant replacement of the aortic 
valve or repair of associated defects. Recently, cold car- 
dioplegic techniques with potassium chloride diluted in 
Ringer's lactate solution at 4? C have been used to accomplish 
hypothermia. 


Results 
Clinical Description 


Types, age and sex: Two major types of discrete 
subaortic stenosis, similar to those classified by Kelly 
et al.,!! were noted at the time of operation (Fig. 2). 
Type I, in which a thin discrete membrane is generally 
located a few millimeters below the valve, was found in 
23 of our patients. Type II, in which a fibromuscular 





FIGURE 2. Diagrammatic illustration of a normal heart 
(A)and the salient features of hearts with discrete sub- 
aortic stenosis. There is a thin membrane in type |(B)and 
a fibromuscular collar in type Il (C). Both types may or 
may not be associated with muscular hypertrophy. Tunnel 
subaortic stenosis (D)is a diffuse type of left ventricular 
outflow tract obstruction and is frequently associated with 
a small aortic anulus. 
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$ -collar sisti less than Lo cm du tends to m situated TAN dn diastolic murmur of aortic insufficiency was - 

slightly ga than the membrane in type I, was noted audible in 21 patients (58 percent) (Table II). Thirteen . 

in 13 patients. Patients with both types may have as- of these 21 patients had severe aortic insufficiency and | 

| sociated muscular hypertrophy without significant required aortic valve replacement in addition to resec- _ ^ 
outflow obstruction. Fourteen men and 9 women had tion of the subaortic obstruction. In six patients new | 5 

~ type I stenosis (male/female ratio 1.6:1), and 7 men and murmurs of aortic insufficiency developed 6 to 8years | 

= 6 women had type II (male/female ratio 1.2:1). The after resection. In patients whose condition was un- - ^ 


PL 
k 


PT 


oldest patient with type I stenosis was aged 65 years and complicated by aortic regurgitation, the clinical ngs ee 

the oldest with type II, 62 years. Thirty patients (83 were similar to those of aortic valve stenosis. Systolic - 1 

. percent) were less than 50 years old. murmur, narrow pulse pressure and delayed and pro- i P 
History: The most common symptoms, in order of longed carotid upstroke were common findings. ` lo 

. decreasing frequency, were exertional dyspnea, chest patient had an ejection click on auscultation. —— VR 












| n. pain, palpitations, easy fatigability and syncope (Table 
-. D). Chest pain, usually atypical in presentation, occurred Noninvasive Laboratory Data E 
E - jn 26 patients (72 percent) and was related to exertion Roentgenographic findings: The chest NATU E 
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in only 8. The presenting symptoms of discrete sub- ogram on admission showed evidence of moderate A 
aortic stenosis were similar to those of aortic valve ste- severe cardiomegaly in 11 patients. Ten patients had- 
nosis. There was no definite correlation between the only slight cardiac enlargement, predominantly witha 


- systolic pressure gradient and symptoms. left ventricular configuration. Heart size was normal i in 
Twenty-nine patients (80 percent) had a history of 15 patients. Chest roentgenography revealed no calci- - 3 

. a heart murmur; nine (25 percent) had a history of fication of the aortic valve in any patient. Slight dila- — d 

S Beterial endocarditis, and evidence of the infection was tation of the ascending aorta was noted in three pa- — 5 


— found on the aortic valve at operation. In two other tients, one with severe and two with only minimal aortic UM 
~ patients bacterial endocarditis developed after resection insufficiency. The size of the heart generally did not — . 


of the subaortic membrane. correlate with the symptoms or the severity of hemo- 3 


Physical findings: No significant physical differ- dynamic obstruction. 
ences were found between patients with type I and II Echocardiography: Echocardiograms were record | 
~ stenosis. Nine patients had a prominent left ventricular in 10 patients after 1972. Only seven of these Mise ub, S 
were considered technically adequate for analysis (1974 — 
and later). Three patients with isolated subaortic 3 
membrane (type I) had early systolic closure of the - is 
aortic leaflet (Fig. 3A); in one of these patients the aortic - 
























TABLE | 
valve movement reverted to normal after resection old 
Clinical Presentation of 36 Adult Patients With Discrete the membrane (Fig. 3B). This finding was not. evident - E 
EP Subaortic Stenosis in the four other patients with associated anomalies. — 
i no. of Patients Aortic leaflets causing multiple echoes in diastole and — 3; 
Total 
— Total — poor separation of echoes in systole were demonstrated 
Eoo. - — wer. — wen LUE a: in two patients with a calcified stenotic aortic ed a 
| sesion 18 11 29 80 Eccentric and triangular closure of an aortic leaflet was- E 
i p in 16 10 206 72 found in one patient with severe aortic insufficiency. 
Palpitations 8 4 12 33 Asymmetric septal hypertrophy and systolic anterior - a 
ina ll : 2 4 TS movement of the mitral valve were found in one patient E 
Dizxiness 3 2 5 14 with subaortic membrane and hypertrophic subaortic — a 
Orthopnea 3 0 3 83 stenosis. Unfortunately, the aortic leaflets were not - x 
Emboliem edema : : Er visualized clearly in this patient. B. 
istory of 18 1 ON 
E d TE 6 (plus 2 postop) ; ds an Cardiac Catheterization E 
ce s 3 0 er = Of the 30 patients who underwent left heart cathe- - D 


TU terization, 4 had studies, performed at other institu- - 2 Ge 
Ec tions, in which the site of outflow obstruction could not — 
; be crossed. Twenty-six patients had a peak systolic - : 
SES | gradient across the left ventricular outflow tract ranging A 1 
‘TABLE II from 0 to 168 mm Hg. The gradient could be localized 








- . Objective Findings in 36 Adult Patients With Discrete below the valve by pullback pressure recording i in only | 
|» .. Subaortic Stenosis seven patients (Fig. 4). 
| oM Eight patients had a gradient of more than 100 cl 
x EE. 089 Lo ms or. Hg and 12 a gradient of 50 to 100 mm Hg. A gradient D t3 y 
. . Systolic murmur 36 less than 35 mm Hg was found in only two patients; both | 
SEN. ccc A had severe aortic insufficiency and a dilated aortic an- - 

|» . Left ventricular hypertrophy 30 — -ulus (Table II). One patient had no gradient. jut did Tis 

BANS i nal from left ventricle to aorta.  29(0130  . . have eres findings of a subaortic membrane at the — 
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FIGURE 3. Echocardiographic findings in 
a patient with type | discrete subaortic 
stenosis. A, preoperative, showing typical 
early systolic closure (C) of aortic leaflets. 
B, postoperative, after resection of discrete 
subaortic membrane. The aortic valve 
leaflets now revert to normal movement. 
AL = anterior leaflet; PL = posterior leaf- 
let. 


FIGURE 4. Illustration of pullback pressure ! 
recording from the left ventricle (LV) to the 

aorta (AO), showing a pressure gradient from 

the body to the subaortic region of the left 
ventricle. 





TABLE Ill 


Operative Mortality Data 
Case Age 
no. (yr Procedure Abnormality Remarks 
E 1 19 Resec- Fibromuscular collar, Died 6 days 
63 tion, AVR AS, infantile aortic after 
anulus, interstitial operation 
fibrosis of heart 
muscle 
2 21  Resec- Fibromuscular collar, ^ Reexploration 
tion diffuse hyperplasia to remove 
of thryoid (Graves) hematoma 
6 days 
after 
resection; 
died 12 days 
after 
resection 
3 40 Resec- Fibromuscular Sudden death 
tion, AVR collar, AS, Al, MR 3 weeks 
post- 
operatively, 
probably 
pulmonary 
embolism 





Al = aortic insufficiency; AS = aortic stenosis; AVR = aortic valve 
replacement; MR — mitral regurgitation. 


TABLE IV 


Associated Cardiac Defects in 17 Patients With Discrete 
Subaortic Stenosis 





no. of 
Defect Patients 


Aortic valve stenosis 

Bicuspid aortic valve 

Muscular hypertrophic subaortic stenosis 

Supravalve obstruction 

Aneurysm of sinus of Valsalva 

Infantile aortic anulus 

Patent ductus arteriosus and ascending aortic 
aneurysm 

Patent ductus arteriosus 

Subpulmonary infundibular stenosis 


ae -— M C5 5 O1 


-Ú 


time of aortic valve replacement for severe aortic in- 
sufficiency. 

Left ventriculography typically TE a thin 
nonopacified line below the aortic valve (Fig. 5). The 
difference between a thin membrane and a fibromus- 
cular collar was only a matter of degree. On angiographic 
examination aortic regurgitation was found in 24 pa- 
tients, whereas diastolic murmurs were audible in 21. 
At times, aortic root angiography aided in visualizing 
the membrane in the presence of aortic insufficiency. 


Operation 


All 36 patients underwent surgical correction. Re- 

- section of the subaortic membrane or collar alone was 
Á performed in 12 patients. Eight patients required aortic 
valve replacement at the time of resection. Seven pa- 
tients had resection plus correction of associated cardiac 
defects. Resection, aortic valve replacement and cor- 
rection of associated defects were performed concomi- 
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FIGURE 5. Left ventriculogram in left anterior oblique view showinga — 
thin nonopacified membrane (M) below the aortic valve (AV). a k 


tantly in four patients. In four patients the initial re- — 
section was followed years later by a second operation — E 
(aortic valve replacement) for aortic insufficiency. One — 5 
patient had recurrent obstruction of the left ventricular | 
outflow tract, consisting of a membrane and muscular > E 
hypertrophic subaortic stenosis. He was initially treated — 
with dilatation of the outflow tract, then by resection 
of the membrane 12 years later and eventually by 
placement of a conduit from the left ventricle to the — 
abdominal aorta 18 years after the first operation. After | 
the last operation the subaortic gradient decreased from - 
120 to 35 mm Hg, and the patient's condition improved — 
notably. 

There were three postoperative deaths (8 percent): | 
two hospital deaths and a third death occurring less 
than 30 days after operation (Table III). : 


Associated Cardiac Defects 


In addition to discrete subaortic stenosis, congenital - 
cardiac defects were found in 17 patients (47 percent) — 
(Table IV). All but one of the anomalies involved the left _ 
side of the heart. Acquired lesions occurred in 75 per- — 
cent of our patients, most of whom had aortic insuffi- 
ciency. Three patients had valvular heart disease caused 
by rheumatic fever. All older patients and most younger — 
adults who undergo left heart catheterization at this — 
institution now also undergo selective coronary arteri- 

ography. However, many of the patients described in. 
this report were studied elsewhere or several years | 
earlier, when selective coronary injection was not per- ` 
formed as routinely as it is at present. Eight of our pa- E 
tients underwent selective coronary arteriography; two — 
had coronary stenosis. Twenty-two patients underwent | MU 
aortic root arteriography, which revealed no significant - 2A 
coronary stenosis grossly. | 
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IRE 6. Diagrammatic illustration of turbulent jet flow of blood 
| the subaortic membrane and aortic valve, causing lesions to 


bai cipe. 


i E. : CONT Discussion 


" - Despite several previous studies?:14-16 suggesting that 
pe di iscrete subaortic stenosis is hemodynamically pro- 
— gressive, a substantial proportion of our 138 patients (26 

rdn reached adulthood before the onset of symp- 
qs A similar age distribution was reported in two 
or relatively small series,*!? in which 20 to 22 percent of 
4 Hagen were adults. Our oldest patient was 65 years 


| ^ More ‘adults than children were symptomatic. Eighty 
di: | percent of our adult patients had exertional dyspnea, 
compare with a 17 percent incidence rate reported in 
. child ren.!4 In contrast, only two of our adults had severe 
congestive heart failure, and both had associated valve 
- lesions secondary to rheumatic fever and congenital 
— aortic valve stenosis, respectively. Newfeld et al.!4 found 
| pornreuve heart failure in 7 of 51 children with discrete 
M cese stenosis. 
- Aortic regurgitation: Acquired aortic insufficiency 
dr | patients. with discrete subaortic stenosis has been 
de escribed previously.!? It is believed to be secondary to 
| the turbulent flow of blood that causes damage to the 
S aortic cusps!0 (Fig. 6). The jet lesions are usually mild 
unless there is complicating infective endocarditis. 
Ox :casionally, severe aortic insufficiency may be found 
Erit the secondary infection that occurred in three 
_ of our patients. Thirty to 55 percent of pediatric pa- 

tients with discrete subaortic stenosis had aortic re- 
og rgitation.59-114 In our series of adult patients, 66 
. percent (24 patients) had aortic regurgitation. In more 
than half of the patients, the regurgitation was severe 
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membrane or collar alone, | 6 had a murmur of aortic 
insufficiency 6 to 8 years after resection. This implies 
either recurrence of stenosis or damage to the aortic 
cusps preoperatively with the development of incom- 
petence years after the resection. In general, aortic in- 
sufficiency is more prevalent and severe in adults than 
in children. 

Bacterial endocarditis: The high incidence rate of 
bacterial endocarditis in patients with discrete subaortic 
stenosis has been emphasized. Fontana and Edwards?? 
found evidence of endocarditis or its sequelae at post- 
mortem examination in 13 of 29 patients (45 percent). 


The incidence of bacterial endocarditis increases with - 
age. None of the 25 children reported on by Kelly et al.!! _ 


had endocarditis. In our adult group 25 percent (nine 


patients) had vegetative growth on the aortic leaflets at 
.the time of surgery. Resection of the subaortic mem- 


brane or collar did not prevent the occurrence of endo- 
carditis after operation in two of our patients. Predis- 
position to infection can be explained in terms of either 
the preexisting jet lesion or the recurrence of stenosis. 
The former is probably the more likely explanation 
because thickening of the aortic valve was present in 
most patients. Prophylactic antibiotic therapy should 
be given to prevent endocarditis at times of potential 
bacteremia and therefore is indicated in all patients 


throughout life. It is conceivable that early resection of — 


the membrane may prevent further trauma to the aortic 
cusps and lessen the chance of infection. 

Type of obstruction: Differentiation and surgical 
results: The two types of discrete subaortic stenosis 
differ only in degree, with the fibromuscular collar (type 
II) usually being thicker and situated lower than the 
thin membrane (type I). Variable degrees of muscular 
hypertrophy of the left ventricle can occur secondary 
to the stenosis in either type. Progressive resolution of 
the hypertrophic muscle has been reported? after re- 
section. Discrete subaortic stenosis should be distin- 
guished from idiopathic muscular hypertrophic sub- 
aortic stenosis. Secondary obstruction caused by mus- 
cular hypertrophic stenosis was found in three of our 
patients with a discrete subaortic membrane. The sur- 
gical results in these patients were usually less satis- 
factory. In one patient, a conduit connecting the left 
ventricle to the abdominal aorta was eventually re- 
quired to alleviate the obstruction. Similar disap- 
pointing results have been reported by others.11-14 Pa- 
tients with type I stenosis generally have better surgical 
results than those with type II. It is not known whether 
discrete subaortic stenosis, muscular hypertrophic 
subaortic stenosis and so-called “tunnel subaortic ste- 
nosis”?! share the same pathogenesis. 


Associated defects: Associated cardiac defects have. 


been found in 10 to 57 percent of patients with discrete 
subaortic stenosis.45-8-11.14 Aortic valve stenosis,414 
either bicuspid or tricuspid, patent ductus arterio- 
sus,58.10,11,14 coarctation of the aorta,59191.14 persistent 
left superior vena cava,»9!! ventricular septal de- 
fect,55-1.14 incomplete atrioventricular canal,® double 
outlet right sence cat Polni valve stenosis,9.10.11 
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~ subpulmonary infundibular stenosis? parachute mitral 
. . valve? and supravalve aortic stenosis? have been re- 
~ ported to coexist with discrete subaortic stenosis. With 
the exception of pulmonary stenosis and persistent left 
. superior vena cava, all of these anomalies primarily 
. . involve the left side of the heart (for example, the so- 
= called multiple congenital lesions of the left heart). 
_ These anomalies frequently mask the diagnosis of dis- 
crete subaortic stenosis.!4 Occasionally, noncardiac 
= defects such as tuberous sclerosis have also been de- 
_ scribed.?’ Congenital anomalies were found in 47 per- 
cent of our adult patients. No patient had a ventricular 
~ septal defect, coarctation of the aorta or persistent left 
— superior vena cava. Perhaps the most impressive asso- 
-ciated defects in adults are the acquired lesions that 
_ occurred in 75 percent of our patients. Jet lesions, bac- 
- terial endocarditis, rheumatic fever and atherosclerotic 
- heart disease are the common causes. 

— Differential diagnosis: The similarity of the clinical 
. J manifestations of aortic valve stenosis and discrete 
. . subaortic stenosis presents a challenge to clinicians. The 
— — symptoms of the two defects are similar. An audible 
aortic ejection click is rare in reported series of subaortic 
- — stenosis (despite occasional demonstration on phono- 
cardiography). We found no aortic ejection click in our 
patients. The click also tends to become increasingly 
rare with advancing age in patients with aortic valve 
stenosis; thus its presence is mainly of interest in the 
pediatric group, in whom it is a valuable clue to the di- 
agnosis of aortic valve stenosis. Although an audible 
early diastolic murmur of aortic regurgitation is more 
common in patients with discrete subaortic stenosis, it 
is frequent enough in adults with aortic valve stenosis 

to be of no help in differentiating the two defects. 

Calcification of the aortic valve on roentgenography 
or fluoroscopy clearly indicates a primary valve ab- 
normality*4 but does not always exclude a second level 

of obstruction. The electrocardiogram provides no help 
in differentiating the defects. 

Angiographic demonstration of the membrane and 
pressure gradients on withdrawal of the catheter from 
the left ventricle to the aorta has been the basis for di- 
agnosis of subaortic stenosis in the past. If present, the 
gradients are helpful, but often the membrane is so close 
to the valve that a subaortic chamber is not demon- 
strated25; only seven of our patients had an unequivocal 
subvalve gradient. Selective left ventriculography and 
thoracic aortography usually demonstrate the subaortic 
stenosis, but sometimes even with more than one view, 
the findings are not clear-cut. 

| Echocardiography has recently emerged as a useful 
. aid in differentiating the various forms of left ventric- 
ular outflow obstruction. Early systolic closure of the 
aortic valve in patients with discrete subaortic stenosis 
has been reported”6 and is quite specific for this disor- 
der. Figure 3 illustrates the typical early systolic closure 
of the aortic valve preoperatively with postoperative 
reversion to normal.2 Although early systolic closure 

. ofthe aortic valve can also be seen in patients with id- 


iopathic hypertrophic subaortic stenosis, the valve ; 


= usually closes much later than in patients with discrete 
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| subaortic stenosis. In addition, echocardiographic evi- 2 T. 
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dence of asymmetric septal hypertrophy and systolic — 
anterior movement of the mitral valve is not found in E 
most patients with discrete subaortic stenosis. D 
The high incidence rate of associated cardiac defects, 
whether congenital or acquired, often adds to the dif- 
ficulty of diagnosing discrete suboarticstenosis.New- 
feld et al.!4 reported that in 65 percent of their pediatric 
patients, the diagnosis of subaortic stenosis was initial — 
masked by associated cardiac defects. In adults the left — 
ventricular outflow tract obstruction was more obvious, - 
and the major task was to localize the lesion. E 
Criteria for operation: When adults with significant — . 
aortic stenosis or insufficiency, or both, have reached 
the stage of significant symptoms (preferably early class 
III, New York Heart Association functional classifica- —— 
tion28), it has become accepted procedure to perform _ 
aortic valve replacement. The development of conges- pr 
tive heart failure, syncope or chest pain is a more serious 
finding in patients with pure valve stenosis. Large gra- - 3 
dients across the valve, even without symptoms, have — 
often prompted operation, particularly in children, in —— 
whom calcification has not occurred and commissuro- 
tomy may be successful without valve replacement. JM 
Several reports?14-16 of serial hemodynamic studies | 
in patients with discrete subaortic stenosis provide — 
convincing evidence that this lesion is progressive in ^ 
nature, particularly during the growth period. Most 
authors?4 agree that a gradient of 40 to 50 mm Hg or — — 
more is a reasonable indication for surgery, especially 
if there is a thin membrane below the valve. It is still — 
debatable whether early surgery prevents progressive — 
aortic valve disease, including regurgitation in the pa- — 
tient with discrete subaortic stenosis. We hope that 
reducing the turbulent jet flow through the subaortic 
stenotic area will result in less progression and less — 
chance of subsequent infective endocarditis. In un- — 
complicated cases surgery can be accomplished witha — 
low level of risk. In a previous study? we had no opera- 
tive deaths in 25 patients (primarily children) whoun- | 
derwent resection of the subaortic membrane. In the 
present series there were only three perioperative deaths 
in 41 operations (7.3 percent); all three patients who — 
died had severe medical problems in addition to the — 
subaortic stenosis. a 
Follow-up: Of the original 36 adult patients operated 
on during the past 20 years, follow-up information is. 3 
available on 22 (61 percent). In addition to the three _ 
patients who died in the perioperative period, two pa- - 
tients died later: one suddenly at home 6 months post- — 
operatively (presumably of cardiac causes, but no - 
postmortem examination was performed) and another - 


of massive myocardial infarction 4 years postopera- - 
tively. Most (13) of the remaining survivors are - 
asymptomatic; the condition of two survivors is im- — 
proved, and two have symptoms similar to their prei 
operative symptoms. Us E 

Clinical implications: Results in this group of pa- E 
tients, as in others from previous reports, indicate that — 
discrete subaortic stenosis is not always easily relieved 
surgically. Patients with a localized membrane and no 3 
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. other heart defects who are operated on early in life 
. appear to have a better chance for excellent long-term 
results. We speculate that the aortic valve tends to be 


damaged from a turbulent jet flow through the subaortic 
membrane or collar, presumably with progressive de- 
terioration through the years necessitating aortic valve 
replacement more often in the older patient. There is 
also a tendency in some for the stenosis to recur or 
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ops. Nevertheless, the condition of even this group may 


be improved with more aggressive surgery, as in the 
patient who underwent a third operation to have a 
valved conduit attached from the left ventricular apex 
to the abdominal aorta. 
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A 33 year old woman with Marfan's syndrome and aortic root dissection — 
was studied with precordial and suprasternal echocardiography. The | x 
precordial approach revealed some typical features of aortic root dis- - 
section. With suprasternal echocardiography it was possible to visualize 
the characteristic diagnostic feature of this disease: within the aortic —— 
lumen an m-shaped pattern—the aortic intimal flap—moving downward — 
to the posterior aortic wall during systole. The diagnosis was confirmed — 
with aortic cineangiography and intraoperative findings. Thus, suprasternal - 
echocardiography can be a useful method of detecting aortic root dis- 


section, especially in patients with aortic arch dissection alone. - 
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EC. 
Precordial echocardiography has been reported!-!? to be a useful ap- - 
proach in detecting aortic root dissection. However, the echocardio- - 
graphic patterns described have not always been in accordance with the — 
clinical diagnosis.9!! Echographic diagnosis of aortic dissection can be 
improved with use of the suprasternal approach, as demonstrated in th 
following patient with dissecting aortic aneurysm who was studied before 
and after operation. iad m 
Case Report ^ ail 
A 33 year old woman with the classic features of Marfan's syndrome was re- — 
ferred to the hospital for cardiac catheterization. Two months before admission _ 
she had an attack of severe retrosternal pain of sudden onset. Te 
Physical examination revealed a blood pressure of 130/90 mm Hg in the right - 
arm and 90/70 mm Hg in the left arm. A grade 3/4 systolic ejection murmur was - 
heard over the aortic area and was palpable in the jugular notch. The second | 
heart sound was followed by a grade 2/4 diastolic murmur. The chest roent- E. 
genogram revealed an enlarged ascending aorta with a normal left ventricle and - 
normal pulmonary arteries. At cardiac catheterization, moderate aortic regu p- . 
gitation was found. The left ventricular end-diastolic and pulmonary arterial — 
pressures were normal. ; Se S 
Cineangiograms of the aortic root were obtained by injection of 75 ml of |. x 
percent Urografin? in the ascending aorta with a flow of 25 ml/sec (see Fig. 4). — 
The cineangiograms showed a marked dilatation of the ascending aorta. Im- - 
mediately after injection the true aortic lumen was contrasted densely whereas 
the false channel in delay was visualized by faint contrast. A fluttering intimal 
structure separated both lumens. In systole this dissected inner wall moved | 
downward to the posterior aortic wall and produced a narrowing of the true ao de 
lumen. The dissection was found to extend to the abdominal aorta. - E 
Echocardiographic studies: These studies were performed using a Smit h- 
Kline Ekoline 20 ultrasonoscope interfaced with a Cambridge recorder ¢ da 
nonfocused 0.5 inch (1.27 cm) transducer with a frequency rate of 2.25 megahe x 
Suprasternal notch echocardiograms were performed with the method of 
Goldberg.!? The contrast echocardiograms were obtained during cardiac cath- - 
eterization. Injection of 1 ml of indocyanine green dye followed by a rapid in- 
jection of isotonic saline solution was used to produce the contrast effects. This 
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t solution was injected either into the pulmonary artery or by - moving in parallel throughout the cardiac cycle; the posterior - 
.. way of an atrial transseptal catheter into the left ventricle. No aortic wall showed an abnormal bulging posteriorly. The aortic 

.. echocardiogram was obtained with the catheter in aortic root cusp motion caused a most striking pattern showing a wide 
E eus e Asi X 

|. position. aR cusp separation of 48 mm (normal range 15 to 26 mm!%), 
___ Precordial echocardiogram: This showed a normal-sized caused mainly by the posterior motion of the noncoronary 

P _ left ventricle with an exaggerated motion pattern of the pos- leaflet. This finding was confirmed by injection of contrast 

. terior left ventricular wall and the interventricular septum. medium in the left ventricle, resulting in a shower of micro- ^ 
_ A fine fluttering of the anterior mitral leaflet suggested aortic bubbles entering the aortic root during valve opening (Fig. 

. insufficiency. There was no evidence of pericardial effusion. 1). 

- Scanning the aortic root showed a marked widening from 45 Suprasternal echocardiogram: With the suprasternal ap- 
RS 63 mm (end-systolic outer diameter). The anterior aortic proach, the aortic root diameter was found to be widened to 

- wall thickness was 8.9 mm. The anterior aortic wall moved 32 mm (normal range 21.7 + 3.8 mm!2). Tilting of the trans- 
P. anteriorly during systole and consisted of several solid lines ducer anteriorly and to the left revealed an m-shaped pattern 
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A Val LEER eee FIGURE 1. Precordial echocardiogram of the aortic root 
before and during injection of contrast medium. AAW = 
E anterior aortic wall; ECG = electrocardiogram; PAW = 


WT posterior aortic wall; PHONO = phonocardiogram. 
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RPA Zu 
a Lr FIGURE 2. Suprasternal echocardiogram of the aortic 


root. The transducer was tilted from the caudad po- 
sition anteriorly and to the left. In this position the 
anterior aortic wall was not visualized. Notice the 
stretched scale, which was chosen for better dem- 
onstration of the aortic intimal flap (AIF). ECG = 
electrocardiogram; PAW = posterior aortic wall; RPA 
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moving downward to a solid line. This pattern was thought 
to be the fluttering of an aortic intimal flap (Fig. 2). T'he an- 
terior aortic wall could not be visualized in this position. 
Contrast echocardiograms obtained during aortic and pul- 
monary angiography (Fig. 3) again demonstrated the m- 
shaped pattern, the shower of microbubbles allowing local- 
ization of the aortic lumen. 

Aortic cineangiography: Identification of the m-shaped 
pattern as the aortic intimal flap was supported by aortic 
cineangiographic findings (Fig. 4), showing that the intimal 
flap moved downward to the posterior aortic wall during 
systole, thus leading to a narrowing of the true aortic 
lumen. 

Surgical findings and treatment: At cardiac surgery, an 
aortic dissection covering the distance between the aortic 
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FIGURE 3. Suprasternal contrast echocardiograms during cardiac catheterization with injection of contrast medium into the left ventricle (left panel) 
and pulmonary artery (right panel). AIF = aortic intimal flap; ECG = electrocardiogram; LA = left atrium; PHONO = phonocardiogram; RPA = right — 


pulmonary artery. 


FIGURE 4. Cineangiograms of the aortic root during systole (left panel) and diastole (right panel). The aortic intimal flap (AIF) moved downward - 
_to the posterior aortic wall and produced a narrowing of the true aortic lumen. Faint contrast material visualized the false channel (FC). CATH = 


catheter. 
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valves and the abdominal aorta was found. Approximately two 
thirds of the aortic circumference was involved in the dissec- 
tion. The aortic intima remained attached to the media in only 
a small area of the posteromedial aortic wall. At operation, ^ 
parts of the aneurysmal aortic wall were removed and the — 
dissected layers were reunited at the site of the intimal 
tear. ae 

Postoperative echocardiographic studies, performed 3  — 
weeks later, showed the following features: The size of the - 
aortic root in the precordial echocardiographic scan was 
slightly reduced from 63 to 55 mm; however, a much more  . 
pronounced alteration had occurred in the pattern of aortic E. 
cusp motion and on the posterior aortic wall (Fig. 5). Cusp 
widening was normalized (24 mm), suggesting that the bulging — - 
of the posterior leaflet had been greatly reduced by the an- — 
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fai E dust whereas systolic fluttering of the leaflets still 
was present. The preoperatively visualized bulging of the 
. posterior wall could not be demonstrated. During systole the 
i .. posterior wall showed an anterior movement. Both the pos- 

terior and the anterior wall were represented by several solid 
_ lines moving in parallel throughout the cardiac cycle. No 
fluttering structure could be detected with suprasternal 
_ echocardiography although the aortic root was scanned in 

_ different positions at different times. 


Discussion 
- In 1971 Goldberg!” developed the theory that the 
E ‘suprasternal echocardiogram might be a useful method 
. of detecting aortic root dissection. Until recently several 
_ investigators proposed precordial echocardiography for 
. ultrasonic diagnosis of aortic dissection; however, this 
method has pitfalls.9.11 Some echocardiographic criteria 
j 


». 


for aortic root dissection, such as widening of the aortic 
root and multiple parallel echoes of the aortic walls, 
were also seen in patients with aortic root dilatation 
alone.59? Especially in cases with aortic arch dissection 
- without involvement of the ascending aorta, the pre- 
cordial approach is of no or only minor value.? In our 
case initially the precordial approach led us to suggest 
_ that aortic dissection had taken place. A marked wid- 
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FIGURE 5. Precordial echocardiogram after an- 
eurysmectomy. No bulging of the posterior aortic 
cusp could be demonstrated, and the posterior 
aortic wall (PAW) consisted of several solid lines 
moving anteriorly during systole. AAW - anterior 


Pi T rod aortic wall. 


ening of the aortic root as well as parallel echoes within 
the anterior aortic wall were observed. Nevertheless, our 
patient appeared to present an interesting variant in 
that the noncoronary cusp showed a marked bulging 
toward the posterior wall. This abnormality suggested 
involvement of the aortic valve ring by dissection and 
has not been described in previous echocardiographic 
studies on aortic root dissection. 

Using the suprasternal approach we were able to see 


the motion of the aortic intimal flap. Thus one of the 


most characteristic features!? of an aortic dissection 
could be visualized. The echocardiographic findings 
were confirmed with aortic cineangiography and the 
intraoperative findings. Whether the loosened aortic 
intima can regularly be observed with suprasternal 
echocardiography in aortic dissection involving the 
aortic arch awaits confirmation. At least, the finding of 
such a structure within the lumen of the aorta does 
stress the diagnosis of a dissected aortic aneurysm. 

Suprasternal echocardiography appears to be of di- 
agnostic value for two reasons: (1) It allows detection 
of aortic arch dissection alone; (2) in cases of extended 
dissections beginning in the ascending aorta, involve- 
ment of the aortic arch can be demonstrated. 
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ə influences technology in the field 
of nuclear medicine with its extensive line of systems 
that extend the clinical utility of nuclear cardiology 
throughout the hospital. x: 
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The Scintistore™ Time-compression Data Storage? 
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The Scintiview™ Image Control Station. E 
Searle Versatility and great images. They're the reasons wh y 
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Manufactured by 
Fukuda Denshi Ltd. 
Tokyo, Japan 


THE FINEST IN 


ELECTRO/ PHONO / VECTOR 
CARDIOGRAPHS! 





; | FJC-7110 "MINI-ECG" SERIES. 
. COMPACT, LIGHTWEIGHT, MODULAR CONSTRUCTION, 
HIGH PERFORMANCE, EASY OPERATION. 


MEETS AHA SPECIFICATIONS. 


- 115V AC ECG, including AC power pack. Model 
- ACPP-1 equipped for 115V AC line operation and 
_ Standard accessories. $995.00 


oli 


versatile ECG ever designed for office 
and portable use. 


The FJC-7110 is the most advanced and 


FJC-7110-C 


OPTIONAL POWER PACKS: 


Model BDCPP-1 Battery Model RBPP-1 Recharge- 
power packincludes one set able battery power packs 
of "D" cell batteries. including built-in recharger. 


$60.00 $150.00 





FD-13 PORTABLE 
RECHARGEABLE ECG. 


AC Line 115/220V, 50/60 Hz rechargeable 

“Gel” type battery and/or flashlight "D" Cell 
battery operation. The FD-13 is the most advanced 
and versatile ECG designed for hospital, office 
and bedside use. Meets the most demanding 

ECG requirements and complies with the highest 
professional standards for diagnostic accuracy, 
patient safety and quality performance. Electrical 
safety is assured by floating isolation input circuit 
and dual insulated electrostatically shielded 
power transformer. Complete with standard 
accessories. Meets AHA Specifications. 


$1250.00 





Other available products: 


^" Two Channel Electrocardiograph (FD-20) m Two Channe! Phono, ECG, or Pulse (OP-2S) m Three Channel ECG, 
. WM ECG Tape Cassette System (SFR-11) B Ambulance Monitor Phono & Pulse (FD-31P) 
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; W Three Channel ECG (DU-3S) @ Monitor Oscilloscope (MS-10) B Pulsemeter (2D-16) 


Call or write for further information. 


MEDICAL SYSTEMS CORP. 


230 Middle Neck Road, Great Neck, New York 11021 © (516) 466-2000 
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CORONARY | Rote Pr ror Gives You A 
Con ff r Managing Conditions 
DISEASE a| In Which A Change Of Rod maker Rate ED 
WITH H ANGINA ]' a . Would Benefit | T m e Patient. 





THERE ARE AT LEAST 

FIVE APPLICATIONS IN WHICH 
HAVING THE FLEXIBILITY 

OF CHANGING PACED RATE 
CAN PROVIDE MORE 
VERSATILITY IN PATIENT 
MANAGEMENT. 


These applications are: 

4. Sick Sinus Syndrome 
(brady-tachycardia). 

2. Coronary heart disease with 
angina pectoris. 

3. Valvular heart disease. 


4. To overdrive ventricular 
amhythmias. 


5. lo improve hemodynamics. 


In each of these, having the ability to 
change the pacing rate can preserve, 
maintain or improve the quality of life 
for pacemaker patients. Furthermore, 
because of the potential longevity of 
lithium pacemakers, the physician can 
take advantage of the greater flexibility 
provided by rate programmability to 
respond to the patients changing 
medical condition during the pulse 
generator service life. 
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USING RATE PROGRAMMABLE 
PACEMAKERS IN CORONARY 
HEART DISEASE WITH 

ANGINA PECTORIS 


Not infrequently, the patient in whom 
pacing is indicated presents with 
coronary artery disease and angina 
pectoris. 


Angina may be occuring as a 
consequence of heart rate exceeding 
the ability of the coronary artery network 
to provide adequate circulation to 
myocardial tissue. Since heart tissues 
receive nutrients during diastole, it is felt 
that a slower heart rate and a 
corresponding longer diastolic period 
may provide enhanced opportunity for 
energy and oxygen transfer to 
myocardial tissue. 


In any event, a rate programmable 
pacemaker permits evaluation for 
clinical symptoms ct various rates and 
can permit selection of a pacing 
rate which is not likely to 
provoke angina, while 
providing the patient 
wth adequate 
exertional status. 


SICK SINUS 
SYNDROME 


(brody - tochycordia) 


ie 








THE APPLICATION OF RATE 
PROGRAMMING IN 
BRADY-TACHYCARDIA (SICK 
SINUS SYNDROME). 


After the physician has determined 

that artificial heart pacemaking is the 
treatment of choice for the patient 

with brady-tachycardia, he may 
contemplate application of a 
rate-programmable pacemaker to treat 
this disease. 


Because brady-tachycardia may be a 
progressive disease, it is often 
appropriate to implant a 
rate-programmable pacemaker. 


For example, in the early stages of the 
disorder, the patient may require pacing 
for just a few seconds a month when 
the intrinsic rate drops below a rate 
which the physician has determined 
provides adequate cardiac output. In 
such a situation, the pacemaker is set 
at a low rate (i.e., 50 or 60 ppm) to 
provide an underlying safe rhythm, but 
which allows the patient the benefit of 
his normal atrial ventricular contraction 
sequence. 


Sick sinus syndrome at times is a 
progressive disorder which may result in 
a slowing of the patients normal sinus 
rhythm. This slowing may be gradual or 
sudden. Frequently, it is accompanied 
by atendencytowards a more unreliable 
rhythm. The patient, thus, increases his 

or her reliance on the pacemaker for 
adequate heart rate. 


Rate programming at increasingly 
higher rates may help maintain cardiac 
output at adequate levels when the 
pacemaker is needed to provide 
the dominant rhythm. An increase 
in pacemaker rate may also be 
needed to prevent the 
emergence of a less suitable 
tachyarrhythmia. 


VALVULAR 
HEART 
DISEASE 


THE APPLICATION OF RATE 
PROGRAMMABLE PULSE 
GENERATORS IN VALVULAR 
HEART DISEASE 


The clinical course for pacemaker 
patients with valvular heart disease is 
complex and unpredictable. 


Many of these patients require a 
pacemaker prior to operation for their 
valve lesion. 


The patient with aortic stenosis may 
need to have his rate adjusted to a slow 
level to allow for complete emptying 

of the ventricle. Too fast a rate increases 
ventricular pressure and restricts the 
flow of blood from the coronary arteries 
to the endocardium, resulting in 
subendocardial ischemia. There is some 
evidence that pacing at typical fixed 
pacemaker rates may actually cause 
patients with aortic stenosis to lose 
cardiac output and have decreased 
perfusion pressure. 


On the other hand, the patient with 
aortic insufficiency has regurgitation 
backwards into the ventricle. A slow rate 
allows more blood to flow backwards, 
increasing volume and ventricular 
pressure. This also restricts blood flow 
from the coronary arteries to the 
endocardium, again resulting in 
subendocardial ischemia. A faster 
paced rate may help control the 
condition. Of course, the best rate for 
perfusing the endocardium for either 
condition varies considerably between 
patients. 


Rate requirements will probably change 
a great deal when a prosthetic valve 
replacement is made. 


Typically, any patient with valvular heart 
disease who requires a pacemaker 
could benefit from the flexibility a 
rate-programmable pacemaker offers 
in this complex, unpredictable disorder. 


IMPROVE 
HEMO- 


DYNAMICS 





CHANGING RATE TO 
ENHANCE THE METABOLIC 
STATE THROUGH IMPROVED 
HEMODYNAMICS 


Conditions of disease, or certain 
medical treatments, can affect a 
patients metabolic requirements. 
Pacemaker patients are, because of 
their age and underlying heart disease, 
prone to various medical problems, 
including myocardial infarction, angina 
and congestive heart failure. 


By having the ability to alter the 
diseased or ill patients heart rate, the 
physician can optimize the rate for 
maximum cardiac output and organ 
perfusion without affecting (or with minor 
effects) on myocardial oxygen uptake. 
Also, in some MI patients a rate can be 
found which produces increased 
cardiac output with decreased left 
ventricular filling pressure. Rate changes 
may also affect and improve a 
patient's mental state and enhance the 
ability to perform even mild exercise. 
When a pacemaker is implanted, the 
patient is ill (i.e. bed-ridden). An 
adequate rate under those conditions 
may not be adequate when the patient 
is up and about. 





VENTRICULAR 
ARRHYTHMIAS 


USE OF RATE PROGRAMMABLE 
PACEMAKERS TO CONTROL 
VENTRICULAR ARRHYTHMIAS 


Ectopic ventricular activity can be 
suppressed by permanent pacing. 
However, the slowest paced rate at 
which ventricular arrhythmias will be 
controlled is unpredictable, and 
changeable. It is not unusual for the rate 
at which PVC’s occur to change as the 
patients underlying heart disease 
progresses. 


Pacing in the presence of PVC5 often 
involves considerable adjusting of rate 
as the physician determines the paced 
rate which will be just slightly higher than 
the rate at which the ectopic foci 
discharge. This rate may involve a 
compromise, for an optimal rate for 
achieving maximal cardiac output may 
not coincide with the best rate for 
suppressing ectopic activity. Indeed 
some pacemaker rates tend to excite 
reentry pathways causing the 
extra-systole. 


For these reasons, having the opportunity 
to change rate can assist the physician 
in amhythmia control. 





Fo Medtronic 


Helping You 
Help The Pacemaker Patient 





which the pacemaker should be 
replaced, an easily detected rate 
decrease occurs over one to six months 
(typically). There are many other 
performance and safety features that 
are par of every Xyrel*- VP pulse 
generator. 


MEDTRONIC'S XYREL -VP 
PACING SYSTEM 


Offering you simplicity, ease ofoperation, 
and seven pacing rates plus one 
diagnostic rate for patient safety. 


The Xyrel*- VP. Its as easy to program as 
1 2. 3. " 


1. Set the desired pacing rate. 


2. Position the programmer over the 
pacemaker. 


3. Press and release the program 
activate button: 


“To avoid inadvertent programming 
to the 30 ppm rate, an additional step 
is necessary when this rate is desired. 


Send in the coupon for details. Or see 
your local Medtronic representative. 


Constant Energy — A programmed pulse 
width increase as battery voltage 
declines provides for constant 
pacemaker energy output throughout 
its effective service life. 


Constant Rate— Xyrel^- VP pacemaker 
rate stays at the rate at which you 
programmed it. It wont decrease as 
battery voltage slowly drops. However. 
once voltage declines to the point at 





MEDTRONIC HAS COMPILED 
MORE COMPLETE 
INFORMATION ON THE 
APPLICATIONS 

OF RATE 
PROGRAMMABILITY 
TO PACEMAKER 
PATIENTS 


If you would like a copy of 
Medtronic's information guide 
on the applications of rate 
programmability where 
permanent ventricular 
pacing is indicated, 
please send 
in the 
coupon 
below. 
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Mail To: Medtronic, Inc., 3055 Old Highway Eight, P.O. Box1453 
Minneapolis, MN 55440 USA 
O | would like more information on the applications of rate programmability. 
LJ | would like more information on the Medtronic Xyrel*- VP programmable 
pacing system. 
O Please have a representative call. 


Name Specialty 
Address 
City State__ Zip 


MEDT'RON!C* 9600A 
RATE CONTROLLER 


MEDTRONIC IMPLANTABLE PULSE GENERATORS 


INTENDED USES  Ventricular pacing using an implantable 
ventricular pulse generator is for long-term therapeutic control 
of hear rate in patients with impulse formation or conduction 
disorders leading to bradyarrhythmias, tachyarrhythmias and 
heart block (see product labeling for detailed list of 
intended uses). 

CONTRAINDICATIONS There are no known contra- 
indications to the use of pacing as a therapeutic modality for 
the control of heart rate. The patient's age and medical 
condition, however, may dictate the particular pacing systems 
and implantation procedure used by the physician. 

WARNINGS  Diatherrny should not be used on patients with 
pacemakers because of possible heat damage to electronic 
components. Electrosurgical units should never be used 
in the vicinity of unipolar pulse generators or bipolar pulse 
generators implanted in the unipolar mode because of 
danger of introducing fibrillatory currents into the neart via the 
implanted pulse generator/lead. Pulse generators may 
be damaged by defibrillatory discharges if the paddles are 
placed over the implanted pulse generator. 

PRECAUTIONS The physician should be aware that all 
pulse generators will ultimately cease to function, and may fail 
at any time due to random component or battery failures 
which cannot be predicted priorto failure. Also, that the pacing 
system may cease to function at any time due to lead- 
related problems such as displacement. fracture, fibrotic tissue 
formation, and elevated thresholds, and that proper operation 
may be affected by electrical interference from equipment 
using electrical energy. or medical complications. 

SIDE EFFECTS Body rejection phenomena, including local 
tissue reaction, muscle and nerve stimulation, infection, erosion 
of pulse generator/lead through skin, transvenous lead- 
related thrombosis, embolism and cardiac tamponade 
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Helping You 
Help The Pacemaker Patient 


The Dynavit answer to 
prescribed exercise and 


patient compliance. 
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ALDACTONE® 


(spironolactone) 25 mg. tablets 


WARNING 
Spironolactone has been shown to bea tumorigen in chronic toxicity studies in 


rats Cg Warnings). Aldactone should be used only in those conditions 
described under Indications. Unnecessary use of this drug should be avoided. 





Indications: Diagnosis and treatment of primary hyperaldosteronism. Essential 
hypertension, edema of congestive heart failure and the nephrotic syndrome, when other 
measures are considered inappropriate. Cirrhosis of the liver accompanied by edema 
and/or ascites. Polonia. 

Contraindications: Anuria, acute renal insufficiency, significant impairment of renal 
function, or hyperkalemia. 

Warnings: Excessive potassium intake may cause hyperkalemia. Potassium sup- 
plements should not be given with Aldactone. Do not administer concurrently with other 
potassium-sparing diuretics. 

Spironolactone has been shown to be a tumorigen in chronic toxicity studies in rats. In 
one study using 25, 75, and 250 times the usual daily human dose (2 mg./ kg.) there was a 
statistically significant dose-related increase in benign adenomas of the thyroid and testes. 
In female rats there was a statistica!ly significant increase in malignant mammary tumors at 
the mid-dose only. In male rats there was a dose-related increase in proliferative changes in 
the liver. At the highest dosage level (500 mg./kg.) the range of effects included 
hepatocytomegaly, hyperplastic nodules and hepatocellular carcinoma: the last was not 
Statistically significant. 

Precautions: Patients should be carefully evaluated for possible disturbances of fluid 
and electrolyte balance. Hyperkalemia may occur inpatients with impaired renal function or 
excessive potassium intake and can cause cardiac irregularities which may be fatal. 
Hyponatremia may be caused or aggravated, especially when Aldactone is administered in 
combination with other diuretics. Transient elevation of BUN and/or mild acidosis may 
occur. Aldactone potentiates the effect of other diuretics or antihypertensive agents, 
particularly ganglionic blocking agents: therefore the dosage of such drugs should be 
reduced by at least 50 percent when adding Aldactone. Gynecomastia may develop and in 
rare instances some breast enlargement may persist. Vascular responsiveness to 
norepinephrine may be reduced. 

Spironolactone may cross the placental barrier. Use in pregnant women requires that the 
anticipated benefit be weighed against possible hazard to the fetus. Breast feeding should 
be discontinued when Aldactone is being used. 

Adverse Reactions: Gynecomastia is observed not infrequently. Gastrointestinal symp- 
toms including cramping and diarrhea, drowsiness, lethargy, headache, maculopapular or 
erythematous cutaneous eruptions, urticaria, mental confusion, drug fever, ataxia, inability 
to achieve or maintain erection, irregular menses or amenorrhea, postmenopausal 
bleeding, hirsutism and deepening of the voice. Carcinoma of the breast has been reported 
but a cause-and-effect relationship has not been established. Adverse reactions are 
usually reversible upon discontinuation of the drug. 

Dosage and Administration 

For primary hyperaldosteronism: 400 mg. daily for three to four weeks (long test), or 
for four days (short test). For preparation for surgery or for long-term maintenance therapy, 
100 to 400 mg. daily. 

For edema in adults: Initial daily dosage is 100 mg. in divided doses but may range from 
25 to 200 mg. daily. If after five days an adequate diuretic response has not occurred, a 
second diuretic which acts more proximally in the renal tubule may be added. The dosage 
of Aldactone should remain unchanged when other diuretic therapy is added. 

For edema in children: Initial daily dosage should provide approximately 1.5 mg. per 
pound of body weight (3.3 mg./kg.) in divided doses. 

For essential hypertension: initial adult daily dosage of 50 to 100 mg. in divided doses, 
alone or with diuretics which act more proximally in the renal tubule. or with other 
antihypertensive agents. Continue treatment for at least two weeks since maximal 
response may not occur before this time. Adjust subsequent dosage according to patient 

response. 
or hypokalemia: 25 to 100 mg. daily in divided doses. 


Searle & Co. . 
SEARLE San Juan, Puerto Rico 00936 
Address medical inquiries to: 
G. D. Searle & Co. 
Medical Communications Dept. 


Box 5110 
Chicago, Illinois 60680 719 
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The Delicate 


Unfortunately, 
electrolyte imbalance 

is often a problem during 
digitalis therapy. 

And most diuretics 
worsen the problem. 


Despite its therapeutic value in congestive heart 
failure, digitalis has a narrow margin of safety and 
toxic levels produce an effect on electrolytes which 
increases intracellular sodium and decreases intra- 

cellular potassium, thereby slowing conduction 
in cardiac tissues. At the same time, because CHF 

encourages sodium build-up and consequent 
edema, concomitant use of diuretics is often indi- 
cated. |; Use of most diuretics 
can increase problems for the 
patient on digitalis, and exces- 
sive loss of potassium caused 
by potent diuretics is a fre- 
quent cause of digitalis toxic- 
ity. ^? Potassium depletion 
sensitizes the myocardium to 
digitalis and can set the stage 
for serious cardiac arrhyth- 
mias even with normal 
dosage.? g Clearly, any 
diuretic choice should be 
carefully analyzed for its 
effectonelectrolytebalance. 
Thiazides, for example, 
can induce hypokalemia, 
hypercalcemia, hypomag- 
nesemia, and hypophos- 
phatemia.^ They can also 
decrease uric acid excre- 
tion and impair glucose 
tolerance. In treatment 
with furosemide, too, 
fluid and electrolyte im- 
balance is the most 
common form of 
clinical toxicity. 
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DIGITALIS 





GLUCOSE 








SEARLE 


Aldactone 


(spironolactone) 25 mg. tablets 


Before prescribing, please consult the complete prescribing information, a brief summary of which follows. 
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Balance. 


Fortunately, 

concomitant diuretic therapy 
with Aldactone” (spironolactone) : 
can help maintain the 
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Consider these benefits in avoiding the problems 
associated with digitalis therapy: Aldactone provides 
gradual and sustained diuresis... works through a 
unique mechanism by which it competes for aldo- 
sterone receptor sites to normalize body potassium, 
and consequently prevents hypokalemia with limited 
risk of hyperkalemia$". . . does not adversely affect 
serum calcium, magnesium and uric acid levels or 
glucose tolerance." 
c Aldactone is indicated for 
management of edema and 
sodium retention in those pa- 
tients with congestive heart 
failure who are taking dig- 
italis, or in the treatment or 
prevention of hypokalemia in 
patients taking digitalis, 
when other measures are 
considered inadequate or 
inappropriate. |; When 
diuretic therapy is indicated, 
prescribe Aldactone to help 
preserve the delicate bal- 
ance of electrolytes during 
digitalis therapy. 


delicate electrolyte balance... $ 
when other measures won'tdo. — 


Clr 
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SUCCESS story... | 
Sanford Levine. Senior Vice 
B President and Director of Kaufm 
Because CPI is the leader orn ve scia testet 
" - spe h buildi t based in 
in pacemaker reliability, oa AAE MR involved i 


his company after a CPI Microlith -P 


Sanioree ana - — ean 
more than 50,000 others not even aware of my CP! pacemaker 


Levine says. “The company s 


can face the future record for reliability with pacemakers 
with confidence. 


Over 50,000 CPle pacemakers implanted with a record 

of unmatched reliability...a history of success that enables 
a dynamic corporation executive like Sanford Levine 

to plan his life and his companys future without missing 

a beat. 


Like thousands of patients and physicians all over the 
world, he has every reason to place his confidence in CPI 
the company with more successful clinical experience 
than any other lithium pacemaker manufacturer 


Since marketing the first successful lithium pacemaker 

in 1972, CPI has continued to pioneer research and 
development of new and improved pacing technology 
From the beginning, CPI has demanded exceptionally 
sophisticated testing and exacting quality assurance 
procedures as well as advanced manufacturing methods 
And because CPI makes it their business to set industry 
standards for product reliability, Sanford Levine will probably 
be playing a vital role in his company for years to come 


At CPI, people believe that commitment to technological 
progress and a priority on product reliability are absolutely 
essential because lives literally depend on them. By 
placing emphasis on providing products that physicians 
and patients can have utmost confidence in, CPI has 
established an enviable reputation for consistent reliability 
that's reflected by vigorous corporate growth 


CPI has the kind of record a successful executive 
like Sanford Levine can understand and rely on—as a 
businessman and as a human being 


LIVES SERVED 


50,000 


25,000 





1972 1973 1974 1975 1976 1977 1978 


CUMULATIVE DOCUMENTED IMPLANTS 


4100 North Hamline Avenue 
A W P.O. Box 43079 
"EN NENW. St. Paul, Minnesota 55164, U.S.A 


Telephone: (612) 631-3000 
Cable: Cardiapace, St. Paul 
Telex: 29-7049 


© 1978 Cardiac Pacemakers. Inc 


' a» Cardiac Pacemakers, Inc 








New cardiac catheterization 


prolonged changes for over 5 hours 
in cardiac hemodynamics with 


PERITRATE 40-mg ORAL TABLET 


(pentaerythritol tetranitrate) 


In a randomized double-blind study of catheterized patients with congestive 
heart failure, Peritrate 40 mg demonstrated marked changes in a variety of 
hemodynamic parameters with no change in heart rate.! 


A marked reduction in PRELOAD: Peritrate reduced pulmonary 
arterial wedge pressure for over 300 minutes. The maximum reduction was 3796. 
Pulmonary arterial mean pressure was also reduced for over 300 minutes. These 
manifestations of reduced PRELOAD resulted from an increase in venous 
capacitance leading to a reduction in left ventricular end-diastolic volume and 
pressure. The observed reduction in pulmonary wedge pressure indicates marked 
preload reduction. 


Peritrate effects prolonged for 5 hours 


pulmonary arterial wedge pressure (preload) 
“Statistically significant at the 5% level. 





A | reduction in AFTERLOAD: a significant reduction of arterial blood pressure, correlating with 


reduced AFTERI ON ), was maintained for over 300 minutes.! 


Reduction in blood pressure for 5 hours 


“Statistically significant at the 5% level. 


Peritrate actions observed Conclusions 


- Activity was prolonged for at least 5 hours. . The prolonged reduction in preload and 
- PRELOAD and AFTERLOAD showed a marked aliorioad reduces Me amount o! aE 
reduction lasting at least 5 hours. expended and oxygen consumed by the heart: 
This reduction in oxygen demand should 
|. Klein RC Amsterdam EA, Pratt C et al: Sustained reduction of elevated relieve or p revent angina. 


ntricular filling pressure. ardiac failure by oral, i acting nitrate 


orcipv Presafied o TEARI Federation tex Cres temo 2. Provides a smooth onset of action without 
San Francisco, Calif, April 29-May 1, 1978 tachycardia. Unwanted effects are rare, and 
ise see following page for brief summary of prescribing information. patient cor npliance is excellent. 


P ERITRATE 40 mg 


(pentaerythritol tetranitrate) 


flc Warner Chilcott 
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Peritrate® SA 
Sustained Action 
(pentaerythritol tetranitrate) 80 mg 


Peritrate^ 
(pentaerythritol tetranitrate) 40 mg 


Peritrate* 
(pentaerythritol tetranitrate) 20 mg 


Peritrate” 
(pentaerythritol tetranitrate) 10 mg 


CAUTION: Federal law prohibits dispensing without prescription 
Description: Each tablet of Peritrate SA Sustained Action contains: 
pentaerythritol tetranitrate 80 mg (20 mg in immediate release 
layer and 60 mg in sustained release base). Each tablet of Peri- 
trate 40 mg contains pentaerythritol tetranitrate 40 mg. Each tab- 
let of Peritrate 20 mg contains pentaerythritol tetranitrate 20 mg. 
Each tablet of Peritrate 10 mg contains pentaerythritol tetranitrate 
10 mg. Peritrate (pentaerythritol tetranitrate) is a nitric acid ester 
of a tetrahydric alcohol (pentaerythritol). 


Indications: Based on a review of this drug by the National 
Academy of Sciences—National Research Council and/or 
other information, FDA has classified the indications as 
follows: 

"Possibly" effective: Peritrate (pentaerythritol tetrani- 


trate), is indicated for the relief of angina pectoris (pain 
associated with coronary artery disease). It is not intended 
to abort the acute anginal episode but it is widely regarded 
as useful in the prophylactic treatment of angina pectoris 

Final classification of the less-than-effective indications 
requires further investigation. 





Contraindications: Peritrate SA Sustained Action (pentaerythritol 
tetranitrate) 80 mg and Peritrate (pentaerythritol tetranitrate) are 
contraindicated in patients who have a history of sensitivity to the 
drug. 

Warning: Data supporting the use ot Peritrate (pentaerythritol tet- 
ranitrate) during the early days of the acute phase of myocardial 
infarction (the period during which clinical and laboratory findings 
are unstable) are insufficient to establish safety. 

This drug can act as a physiological antagonist to norepi- 
nephrine, acetylcholine, histamine, and many other agents 
Precautions: Should be used with caution in patients who have 
glaucoma. Tolerance to this drug, and cross-tolerance to other 
nitrites and nitrates may occur 
Adverse Reactions: Side effects reported to date have been predom- 
inantly related to rash (which requires discontinuation of medica- 
tion) and headache and gastrointestinal distress, which are 
usually mild and transient with continuation of medication. In 
some Cases severe, persistent headaches may occur. 

In addition, the following adverse reactions to nitrates such as 
pentaerythritol tetranitrate have been reported in the literature 
(a) Cutaneous vasodilatation with flushing 
(b) Transient episodes of dizziness and weakness, as well as 

other signs of cerebral ischemia associated with postural 

hypotension, may occasionally develop 

(c) An occasional individual exhibits marked sensitivity to the 
hypotensive effects of nitrite and severe responses (nausea, 
vomiting, weakness, restlessness. pallor perspiration and 
collapse) can occur, even with the usual therapeutic doses 

Alcohol may enhance this effect. 

Dosage: Peritrate (pentaerythritol tetranitrate) may be adminis- 
tered in individualized doses up to 160 mg a day. Dosage can be 
initiated at one 10 mg or 20 mg tablet q.i.d. and titrated upward to 
40 mg (two 20 mg tablets or one 40 mg tablet) q.i.d. one-half hour 
before or one hour after meals and at bedtime Alternatively, Peri- 
trate Sustained Action 80 mg can be administered on a convenient 
b.i.d. dosage schedule. 

Supplied: Peritrate SA Sustained Action (pentaerythritol tetrani- 
trate) 80 mg—double-layer, biconvex, dark green/light green tab- 
lets in bottles of 100 (N 0047-0004-51) and 1000 (N 0047-0004-60) 
Also unit dose, package of 10 x 10 strips (N 0047-0004-11). 

Peritrate (pentaerythritol tetranitrate) 40 mg—pink scored tab- 
lets in bottles of 100 (N 0047-0008-51). 

Peritrate (pentaerythritol tetranitrate) 20 mg—light green, 
scored tablets in bottles of 100 (N 0047-0001-51) and 1000 
(N 0047-0001-60). Also unit dose, package of 10 x 10 strips 
(N 0047-0001-11). 

Peritrate (pentaerythritol tetramiirate) 10 mg—light green, 
unscored tablets in bottles of 100 (N 0047-0007-51) and 1000 
(N 0047-0007-60). 

STORE BETWEEN 59° and 86° F (15° and 30° C]. 

Animal Pharmacology: In a series of carefully designed studies in 
pigs, Peritrate (pentaerythritol tetranitrate) was administered for 
48 hours before an artifically induced occlusion of a major coro- 
nary artery and for seven days thereafter. The pigs were sacrificed 
at various intervals for periods up to six weeks. The result 
showed a significantly larger number of survivors in the drug- 
treated group. Damage to myocardial tissue in the drug-treated 
survivors was less extensive than in the untreated group. Studies 
in dogs subjected to oligemic shock through progressive bleeding 
have demonstrated that Peritrate (pentaerythritol tetranitrate) is 
vasoactive at the postarteriolar level, producing increased blood 
flow end better tissue perfusion. These animal experiments can- 
not be translated to the drug's actions in humans 

Full information is available on request. 


Warner / Chilcott 
Division, 

Warner-Lambert Company 
Morris Plains, N.J. 07950 








Diagnosis? 


Accuscan helps you pinpoint 
the problem —precisely. 


Accuscan offers the physician three major diagnos- 
tic functions in the one compact unit: Holter 
scanning; stress testing; and 12-lead resting ECG. 


In arrhythmia detection, Accuscan with the ARC-150 
quantifies premature beats and lets you know if 
such beats increase or decrease during exercise or 
rest. 


The complete system is engineered for fast, easy 
operation in office, clinic or hospital. 


Accutape 24 (an integral part of the system) is 
designed to record diagnostic ECG continuously for 
24 hours. It also permits patients to clock and mark 
events automatically. 


All Holter diagnosis relate precisely in time with the 
crystal controlled time of the Accutape recording. 


Other features include automatic search for unusual 
conditions; reverse jog; digital rate meter, and 
surprising simplicity of operation. 


For the full story, phone toll-free, or write Hittman 
Medcraft. 


Copyright—Hittman Corporation, 1978. All rights reserved 
Hittman Medcraft, Box 542, Skippack, PA 19474. 
Phone 800-523-1946. In PA phone (215) 584-6825. 
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WILLIAM BENGE, MD A 20 year old woman with tetralogy of Fallot end an associated a 
-CARL W. WHITE, MD, FACC* septal defect presented with severe hypertension and. : 
i ! do Civ. ips failure. She had been acyanotic for several years. An acute trial oa 
dx. pec, ^u hypertensive therapy during cardiac catheterization resulted in seve 
io systemic oxygen desaturation and loss of consciousness. Since surgi 
FP i ad correction, antihypertensive therapy has been well tolerated. This ca 
B T demonstrates the hemodynamic importance of systemic vascular i re 
ME rae tance in tetralogy of Fallot and the need for extreme caution if agg e S: ive : 
ASIE antihypertensive therapy is attempted before surgical correction. baie 
Es Congestive heart failure is frequent in tetralogy of Fallot in adults, al- 
T though it is rare in children.? When present it can be a manifestatio 

systemic hypertension.? The following case illustrates the hemodyr 
contribution of increased systemic vascular resistance in produci ng a 
striking absence of cyanosis and associated physical findings, ar 
| phasizes the hazard of antihypertensive therapy before surgical 
ru rection. | 




































Case Report 
À » A 20 year sol retarded white woman first presented to the University of 
EU e t Ca ees eee eee ( Hospitals at age 2 1/2 years with a congenital heart murmur associated : E. 
VOS si NC d a episodes of cyanosis, squatting and occasional loss of consciousness. ; Addi 
BO | "S problems included a partial cleft palate, congenital di locat ion o of the. 
ES a Ue ficulties in eating, a lack of intellectual development n dst rabismus s 
a p NULL dw 2a lateral eyelid ptosis. Examination revealed a high arched Da. 
Ee EE d | cosal cleft defect and a bifid uvula. A systolic thrill, palpab’ | ] 
S00 E i ray | precordium, was associated with a grade 5/6 systolic 1 ei t was most 
EN Ve i, re +) audible at the base of the precordium. No pulmonary coi f the second 
^. e RR Sh Ars eae sei heart sound was heard. epee est ges noted 
Si ae AE EER | roentgenography disclosed mild cardiomegaly, Aene ger 
Cove DEN T MUN ES and a right-sided aortic arch. Electrocardiography re ed right ventricula 
EE ER a When the patient rotated at MEC Gaare th T ysical findings we 
e Bc iue AP RR it the same except for an increase in right ventricular hyper! trophy, : 








on electrocardiography. Hemoglobin was 16.8 and 17. 7g g/100 

at these visits. The patient was not seen again at the Uni vers i 

1976. In She inim abs had Mis fec acd h no piso 

Jays dien ed ring the pre eding 5 years. In Ap 
! e was. el by her peiscu pap iciar tO] at € lominal di 
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The patient was transferred to the University of Iowa 
Hospitals on April 30, 1976 for further evaluation. On ad- 
mission, blood pressure was 165/120 mm Hg, pulse 80/min and 
respiration 20/min. There was no edema, cyanosis or jugular 
venous distension. The lungs were clear on auscultation. She 
had a prominent left hemithorax with a marked left para- 
sternal impulse. The first heart sound was normal, the second 
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HYPERTENSION COMPLICATING TETRALOGY OF FALLOT—BENGE AND WHITE 
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was single and the third heart sound was of right ventricular 
origin. A grade 6/6 harsh systolic murmur was maximal at the 
second and third intercostal spaces near the left sternal border 
and was associated with a systolic thrill felt throughout the 
precordium. The liver and spleen were not palpable, and there 
was no ascites. Hemoglobin was 16.3 g/100 ml. Blood pressure 
was approximately 170/120 mm Hg throughout her hospi- 


FIGURE 1. Right ventriculogram (right anterior oblique 
view) showing marked infundibular and valve stenosis of 
the ventricular outflow tract and the appearance of dye 
in the aorta. 


FIGURE 2. Left ventriculogram (left anterior oblique view) 
showing a large interventricular septal defect and over- 
riding aorta. 
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TABLE r | 
Cardiac Catheterization Data 
Ea f 
nog ETE Nt Pressures (mm Hg) 1! 
»  . Right ventriclular 170/12 
bis Pulmonary arterial 30/7 
» Left ventricular 175/15 
Aortic 175/120 
^R Flows (liters/min) 
eee. Cardiac output 1.8 
pupa Pulmonary flow 4.3 
Left to right shunt 2.8 
> Right to left shunt 0.2 
ny Resistances (dynes-sec-cm 5) 
TE 44 Systemic 6237 
add gest Pulmonary arteriolar 226 
Aa Oxygen saturation (vol 96) 
£0, Mixed venous 10.8 
T uns Superior vena cava 10.0 
Inferior vena cava 13.3 
si Right atrium 16.2 
uh Right ventricle 16.7 
Pulmonary artery 16.5 
Left atrium 19.7 
Left ventricle 19.7 
Aorta 18.6 





. talization. The electrocardiogram revealed right axis devia- 
tion, right atrial enlargement and biventricular hypertrophy. 
The chest roentgenogram revealed marked cardiomegaly, 
prominent pulmonary vasculature and a right-sided aortic 
arch. The echocardiogram disclosed an overriding aorta and 
thickening of the interventricular septum, left ventricular 
posterior wall and right ventricular anterior wall. 

Cardiac catheterization (Table I) revealed an atrial septal 
defect, a ventricular septal defect, infundibular and pulmo- 
nary valve stenosis, an overriding aorta with a right-sided 
aortic arch, and bidirectional shunting with predominant left 
to right shunting at the atrial level (Fig. 1 and 2). Because the 
patient was acyanotic and her symptoms resulted primarily 
from left ventricular failure, oral antihypertensive therapy 
was considered. However, before this therapeutic regimen was 
instituted, the patient was taken back to the catheterization 
. laboratory for an acute trial of antihypertensive therapy. 
. Nitroprusside, 30 ug/min, was infused intravenously for 5 
. minutes to lower the systemic pressure to the normal range 
(Table II). The patient suddenly lost consciousness and be- 
.. came severely cyanotic, requiring immediate discontinuation 
— of the nitroprusside infusion. She regained consciousness 
. within 1 minute and had no sequelae. It was apparent that 
~ surgical correction would be necessary before the initiation 
_ of any chronic antihypertensive therapy. 
.. At operation, a right aortic arch, a 1.5 by 1.5 cm atrial septal 
defect, a 1.0 by 1.5 cm ventricular septal defect and combined 
infundibular and pulmonary valve stenosis were noted. 
— Postoperatively the patient has been free of symptoms; she 
. receives chlorthalidone, 100 mg daily, and maintains a blood 
— pressure of about 140/90 mm Hg. 


i Comments 
= Major physiologic determinants of the hemodynamics 
2 in tetralogy of Fallot, with or without an associated 
. atrial septal defect, are (1) the degree of right ventric- 
- ular outflow obstruction, (2) the size of the ventricular 
. septal defect, and (3) the systemic vascular resistance.* 
: «There have been few reports on patients with hyper- 
Eenneon Sa wd Mm of Fallot. Of 25 adult 


y $ : qi: h , 
t » . i 


y 
"EL os. 
1 








TABLE Il 





COM 

Nitroprusside Infusion kt | : A 4 
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Pressure ure OQ . 

Site (mm Hg) Sat (96) (mm Hg) — Sat (%) E 
Right ventricle 144/8 69 120/6 $20 IERE 

Aorta 156/96 86 120/700 34 - i 

* Rate of nitroprusside infusion was 30 ug/min. | D J 


O; Sat = oxygen saturation. 





patients with tetralogy described by Higgins and M: 1 
der,! none had significant hypertension. Although half 
of the patients in their series were acyanotic, the absence 
of cyanosis was not the result of increased systemic - 
vascular resistance. Rather, in these patients acyanosis 
was associated with a well developed bronchial collateral — 
circulation that appeared to enhance long survival. _ 
Congestive heart failure occurred with equal frequency - i a 
in both the acyanotic and cyanotic groups and was - 
thought to be due to the volume overload of the left — 
ventricle secondary to the compensatory systemic v2 
pulmonary arterial shunting. 

Effect of hypertension on cyanosis and prognosis M 
in tetralogy: Our patient illustrates a less well known Be 
mechanism for the lack of cyanosis and the development — 
of congestive heart failure in patients with tetralogy of _ 
Fallot, namely, severe systemic hypertension. The he- — 
modynamic importance of increased systemic vascular 
resistance in preventing overt cyanosis in tetralogy is — . 
dramatically illustrated by the rapid occurrence of — 
marked oxygen desaturation when blood pressure was - 
lowered to the normal range. This therapy was at- 
tempted in this patient because her symptoms appeared | 
to be primarily related to left ventricular failure. The . 
sudden occurrence of cyanosis might not be surprising — 
if one lowered blood pressure and systemic vaccines 
resistance from normal to hypotensive levels. Hosein 
this patient demonstrates that severe oxygen desatu- 
ration can occur even when blood pressure is wered 
from high to normal levels; her right ventricular ands 
aortic pressures were never below 120 mm Hg. | 

Holladay and Witham,’ describing “unusual” cases - 
of tetralogy i in 1957, noted hypertension in 12 of 22 pa- 
tients in whom data on blood pressure were recorded. - l1 
Somewhat surprising was the poor prognosis in this M 
subgroup. Eight of the 10 deaths occurred in the hy- pr 
pertensive patients; six of the eight patients died of 
congestive heart failure. In one hypertensive patient 
severe oxygen desaturation developed when marked  . 
hypotension occurred during catheterization. T 

Effect of hypertension on intracardiac shunting: E 
An associated atrial septal defect occurs in 10 to 40. — 
percent of patients with tetralogy of Fallot.9? Shunting — 
in most reported cases of tetralogy is right to left across  — 
the atrial defect. Our patient had a significant left to ^ 
right shunt during the initial catheterization, probably 
because of the hypertension and elevated systemic 
vascular resistance. Moffitt et al.? also noted resting left - 
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to right shunts that reversed direction during severe 
exertion in patients with an atrial septal defect and 
pulmonary stenosis. 

Implications: This case illustrates that differences 
in the resistance to outflow in both the right and left 
ventricles are important in determining the direction 
and magnitude of intracardiac shunting in tetralogy of 
Fallot. In patients with this syndrome and systemic 


hypertension, attempts to lower blood pressure to the 


normal range may be hazardous. 
It is not known whether other antihypertensive drugs 





would act similarly to nitroprusside if administered to 
patients with tetralogy of Fallot. The magnitude of 
desaturation with only modest reductions in arterial 
pressure suggests that extreme caution is necessary if 
aggressive antihypertensive therapy is initiated before 
surgical correction of this lesion. 
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The Eisenmenger syndrome carries a high mortality rate in women dur 
delivery and the immediate postpartum period. It has been suggested thai 
marked changes in shunt flow and pulmonary hemodynamics may bi 
responsible. These functions were studied under various physiologic and 

pharmacologic conditions during labor and delivery in a patient with the y 
Eisenmenger syndrome. Uterine contractions were associated with a 
decrease in the ratio of pulmonary to systemic blood flow (Qp/Qs) from 
1.58 to 1.05. The Qp/Qs ratio also decreased (to 0.83) when forceps were 
applied during uterine contractions. Epidural anesthesia, oxytocin and - 
the supine position did not adversely affect pulmonary hemodynamics - 
or shunt flow. On the basis of these results, if pregnancy cannot be ter- - 

minated in a patient with the Eisenmenger syndrome, it is recommended _ 
that the patient be given high concentrations of oxygen and epidural an- 
esthesia and that serial arterial blood gas determinations be performed 
to detect changes in shunt flow. 
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The Eisenmenger syndrome or reaction! in pregnant women carries a 3 
high mortality rate during delivery and the immediate postpartum pe- ; 
riod.?-5 The reason for the increased mortality i is unknown, although it — 
has been proposed that marked changes in shunt flow and pulmonary - | 
hemodynamics, with or without in situ pulmonary thrombi, may be re- — 
sponsible.® The effect of labor and uterine contractions on pulmonary © 
hemodynamics in the Eisenmenger reaction is also unknown. We in- 
vestigated hemodynamics and shunt flow during labor, delivery and the 
puerperium in a patient with the Eisenmenger syndrome. We also ex- - 
amined the effect on these functions of various medications commonly. 
used during labor. | 


Case Report ^ cw E 


A 28 year old woman was admitted to Mount Sinai Medical Center at 24 weeks | 
of pregnancy for observation because of known heart disease. A heart murmur | 
had been noted at birth. Cardiac catheterizations performed at ages 5, 13 and 
17 years demonstrated a ventricular septal defect with an overriding aorta, e 
pulmonary arterial pressure equal to systemic pressure and a bidirectional shunt . 
on oximetry (Table I). A therapeutic abortion advised early in gestation had been. 
refused by the patient. She had had nonprogressive dyspnea on exertion for many 
years. On admission, the patient was in no acute distress. She had a prominen 2 
pulmonary closure sound and right ventricular impulse, and a grade 1/6 systolic P 
murmur along the left sternal border with radiation to the base. Mild. digital - f 
clubbing was noted. Hemoglobin was 15.5 g/100 ml and arterial partial pressure _ 
of oxygen (PO) 59 mm Hg, with an oxygen saturation of 89 percent. Electro- 
cardiography demonstrated right axis deviation and right ventricular hyper- - 
trophy (Fig. 1). Chest roentgenography revealed prominent pulmonary arteries 
and oligemic lung fields (Fig. 2). Echocardiography demonstrated a mitral Ma 
tricuspid valve without an interposed septum and a diminutive A wave in the 
pT valve. - 
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"Dore the hospitalization. the tient experienced a mild _ 
but progressive increase in exertional dyspnea with no change 
in resting arterial oxygen saturation. She was treated with bed © 







rest, intermittent oxygen therapy and heparin. During the 

E. . 87th week of gestation she went into spontaneous labor. 
. Heparin was discontinued, and a normal girl weighing 2.7 kg I 
| was delivered transvaginally with forceps under epidural 
E The patient's postpartum course was uncompli- 

.. cated. 
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TABLE! i | 
Pressure Oxygen 
(mm Hg)* Saturation (96) | de 
ied 58 sie 
585 A pst 
A=7,V =5(5) 66.5 aVp $ 
67.5 
66.5 dude 
aV, eee 
81.0, 83.5 
110/8 86.5 
110/55 (81) 79.0, 77.0 
99/45 (72) 79.5 
110/8 88.0, 93.0 aVR # 
j 110/7 90.0 : 
Aorta 106/73 (89) 92.0 
Eve PV. | 91.0 
E. C | Qp/Qs = 2.2/1 
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EU Numbers in parentheses are mean pressures. 


. IVC = inferior vena cava; LV = left ventricle; MPA = main pulmonary 
Qp/Qs = ratio of pulmonary to systemic blood flow; RA = right FIGURE 1. Electrocardiogram demonstrating right axis deviation and 


E artery 
pum; nN, = right ventricle; SVC = superior vena cava. right ventricular hypertrophy. std = standardization. 
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FIGURE 2. Chest roentgenogram (antero- 
posterior view, sitting) showing prominent 
central pulmonary arteries and relatively 
oligemic peripheral lung fields. 
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Methods 


Informed consent was obtained for all instrumentation, in 
compliance with Mount Sinai Medical Center procedure. With 
the onset of spontaneous labor, an arterial cannula was placed 
percutaneously into the right radial artery, and a balloon- 
tipped flotation catheter was directed into the pulmonary 
artery under pressure monitoring. Pressure measurements 
and blood samples were obtained from the radial artery, 
pulmonary artery and right atrium. Antibiotic prophylactic 
therapy for vaginal delivery consisting of intravenous ceph- 
alothin (2 g every 6 hours) and gentamicin (4 mg/kg per day 
in divided doses) was administered; the patient was allergic 
to penicillin. Serial blood samples were obtained in heparin- 
ized syringes for analysis in an ABL-1 acid-base laboratory 
(Radiometer, Copenhagen). Blood gases (pH, partial pressure 
of carbon dioxide [pCO;] and PO;) were determined and 
oxygen saturation was calculated. Because of the nature of 


TABLE Il 
Hemodynamic and Oximetric Data and Qp/Qs Ratio 
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labor and delivery, it was not technically feasible to collect 
expired air to determine oxygen consumption and cardiac 
output. 'The pulmonary arterial catheter was removed 3 hours 
after delivery; a second catheter was inserted 1 day postpar- 
tum, using fluoroscopy, and repeat measurements were ob- 
tained. 

Measurements were performed to determine the following: 
right atrial, pulmonary arterial and systemic arterial pressure; 


right atrial (MVO;), pulmonary arterial (PAO;) and systemic - 


arterial (SAO) oxygen content; systemic arterial partial 


pressure of CO» (PCO;); arteriovenous oxygen difference; and — 
the ratio of pulmonary to systemic blood flow (Qp/Qs). These _ 
determinations were performed between uterine contractions 


and at the onset of labor at different inspired oxygen con- 
centrations (FIO;). Inspired oxygen concentration was kept 
constant, and these values were determined during labor in 
the supine and lateral decubitus positions, with oxytocin ad- 
ministration, with uterine contractions, during delivery with 
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* Assumed value used to calculate Qp/Qs ratio. 


diff = difference; FIO = inspired oxygen concentration; PVO? = pulmonary venous oxygen saturation; Qp/Qs = ratio of pulmonary to systemic 


. blood flow; sat = saturation; vol 96 = volumes percent. 
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4 6 
80% FIO»: 5 80% FIOz: 
1 2 3 Lateral 80% FIOz: Supine, 
Room Air: 40% FlOs: 80% FIOz: Decubitus, Supine, Contraction, 
Supine Supine Supine Oxytocin Oxytocin Oxytocin 
Arterial 136/63 (80) 132/59 (80) 133/64 (81) 130/60 (79) 135/60 (80) 151/66 (88) 
pressure (mm Hg) 
Pulmonary 120/50 (79) 103/37 (68) 104/40 (67) 106/45 (72) 108/40 (70) 127/38 (78) 
pressure (mm Hg) 
Arterial O» 90.5 94.5 96.2 96.0 96.2 92.8 
sat (%) 
Pulmonary 82.1 85.4 87.2 86.5 87.8 82.1 
O, sat (%) 
Right atrial 75.2 78.1 79.1 77.9 79.4 77.4 
Os sat (96) 
Qp/Qs 
PVO, = 9596 * 1.18 1.70 2.19 Pul. ^ iz 
PVO, = 9896 * 0.96 1.30 1.58 1.57 1.65 0.97 
PVO, = 100%* 0.85 1.12 1.34 *j od $e. 
Arteriovenous 3.18 3.40 3.55 3.86 3.49 3.19 
O; diff. (vol. 96) 
9 
T 8 80% FIO;: 10 11 12 
8096 FIOz: 80% FIOz: Supine, 80% FIO;: Room Air 80% FIO, 
Supine, Supine, Contraction, Supine, Supine, Supine, 
Contraction, Epidural, Oxytocin, 1 hr 1 Day 1 Day 
Oxytocin Oxytocin Forceps Postpartum Postpartum Postpartum 
Arterial 146/60 (87) 135/62 (80) 123/56 (78) 110/57 (70) 110/55 (70) 
pressure (mm Hg) 
Pulmonary 122/35 (75) 112/30 (70) 120/50 (80) 103/65 (81) 104/38 (67) 95/35 (62) 
pressure (mm Hg) 
Arterial Os 90.5 95.8 88.9 93.3 91.8 94.9 
sat (%) 
Pulmonary 80.6 86.0 78.1 91.9 82.8 88.9 
Oz sat (96) 
Right atrial 70.8 76.9 72.3 83.5 75.5 79.65 
Oo sat (96) 
/Qs 
PVO; = 9596* AM; dk x - iJ 1.34 2.50 
PVO; = 9896 * 1.13 1.57 0.83 1.61 1.07 1.68 
J PVO; = 100% * Si ists Sat ied 0.95 1.37 
Arteriovenous 3.49 3.92 3.45 2.04 2.96 2.86 
O; diff. (vol. 96) 
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PSE anesthesia and immediately and 1 day postpar- 
tum. 

- The ratio of pulmonary to systemic blood flow was calcu- 
lated from the following’: 


Qp/ Qs = SAO; = MVO;/P VO» — PAO» 


where PVO» is assumed pulmonary venous oxygen content. 
Pulmonary venous oxygen saturation was assumed to equal 


. 98 percent when inspired oxygen concentration was ap- 
proximately 0.8.5 However, Qp/Qs was also calculated with 


assumed values of 95 and 100 percent to determine the effect 
on the Qp/Qs ratio of changes in FIO», because small changes 


in pulmonary venous oxygen content may markedly change 
ix the Sas value. 


xs Results 
Gener: Baseline data, at the beginning of labor and be- 


EN tween uterine contractions, confirmed the presence of marked 


pulmonary hypertension with a pulmonary arterial pressure 


. of 120/50 (mean 67) mm Hg. Pullback from the pulmonary 
dt artery to the right ventricle failed to demonstrate a pressure 

. gradient, and right atrial pressure was normal. Phasic in- 
| creases in pressure were observed in both the systemic and the 


pulmonary circulations with each uterine contraction; this 
finding has also been reported in normal subjects.? In addition, 
a patient with the Eisenmenger reaction in association with 
an atrial septal defect was reported!? to have an increase in 
right ventricular pressure compared with the level at 1 hour 
postpartum (based on two isolated measurements), but no 


. . mention was made of whether the reading was associated with 
A an active uterine contraction. 


_ Varying inspired oxygen concentrations: Table II lists, 


. in chronologic order, data obtained during the spontaneous 
-~ physiologic changes of labor and with pharmacologic inter- 
.. ventions. Determinations 1, 2 and 3 were obtained when the 
— inspired oxygen concentration (FIOs) was varied at the be- 


ginning of labor between uterine contractions. Pulmonary 
arterial pressure decreased from a mean of 79 to 67 mm Hg 
when FIO; was increased from approximately 0.2 (room air) 
to 0.8 (100 percent oxygen administered with a face mask with 
an oxygen reservoir)!!; during this time systemic arterial 
pressure remained constant at a mean of 80 mm Hg. The ar- 


D teriovenous oxygen difference of 3 to 3.5 volumes percent i in- 
. dicated a high cardiac output, which is found in normal 
iet subjects during labor.!? The Qp/Qs ratio, at an assumed pul- 
- monary venous Oz saturation of 98 percent, increased from 

— 0.96 to 1.58 when FIO; was increased. The decrease in pul- 


monary arterial pressure and improvement in the Qp/Qs ratio 


E x suggests that there was a component of reactivity in the pa- 
— tient's pulmonary arteriolar circulation. For the remainder 
— oflabor, FIO; was maintained at approximately 0.8. 


. Active uterine contractions: Determination 5, made 


during the administration of oxytocin, a uterine smooth 


= muscle stimulant, shows that between contractions oxytocin 
. caused no important change in Qp/Qs ratio, arterial pressure 

~ . or arteriovenous oxygen difference, compared with control 
.. values. Determination 4 was made to determine whether as- 
A ‘sumption of the lateral decubitus position alters hemody- 
.. namics. Again, no significant change was observed. Deter- 
. minations 6 and 7 were obtained during active uterine con- 

. . tractions and showed an elevation of both systemic and pul- 


monary pressures and a marked decrease in the Qp/Qs ratio 


-~ compared with control values. Mean systemic arterial pressure 


.. increased from 81 to 88 mm Hg and mean pulmonary arterial 


. pressure from 67 to 77 mm Hg; the Qp/Qs ratio decreased from 


. 1.58to 1.05. Arterial oxygen saturation decreased from 96 to 


91.7 percent, but arterial pCO% remained relatively constant; 
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thus the decrease in arterial saturation was not caused by 


hypoventilation. Determination 9 was made during active 
uterine contractions and concomitant application of forceps. 
Results were similar to those obtained during uterine con- 
tractions without forceps; pulmonary arterial pressure in- 
creased to a mean of 80 mm Hg, the Qp/Qs ratio decreased to 
0.83. Thus the application of forceps showed little hemody- 
namic effect above that of uterine contraction alone. 
Epidural anesthesia: Determination 8 was made after the 
introduction of epidural anesthesia without epinephrine 
(chloroprocaine hydrochloride, 4 ml of 2 percent solution; no 
important change was noted in arterial pressure, Qp/Qs ratio 
or arteriovenous oxygen difference. Determination 10 was 


made 1 hour postpartum; no important difference from con- - 


trol was noted. 

Postpartum: Determinations 11 and 12, the last two sets 
in Table II, were made at 1 day postpartum at inspired oxygen 
concentrations of 0.2 and 0.8. At a concentration of 0.8 (de- 
termination 12), the Qp/Qs ratio was unchanged from that 
during labor; however, both systemic and pulmonary arterial 
pressures were lower. When inspired oxygen concentration 
was 0.2, the Qp/Qs ratio was again unchanged; however, sys- 
temic and pulmonary arterial pressures were again lower 
compared with a similar determination during labor. Pul- 
monary arterial pressure decreased with increasing inspired 
oxygen concentration from a mean pressure of 67 to 62 mm 
Hg, but systemic pressure remained constant; these results 
are similar to those obtained during labor. The Qp/Qs ratio 
increased, as in determinations 1 to 3, from a baseline value 
of 1.07 to 1.68 with increasing inspired oxygen concentra- 
tion. 


Discussion 


In this study we examined the effects of uterine 
contractions, variations in inspired oxygen concentra- 


tion, subject position and pharmacologic interventions : 


on pulmonary and systemic hemodynamics and shunt 
flow in a patient with Eisenmenger's syndrome during 
labor and delivery. Increasing inspired oxygen con- 
centration in our patient produced repeated mild de- 
creases in pulmonary arterial pressure and an increase 
in the ratio of pulmonary to systemic blood flow (Qp/ 
Qs), suggesting augmented flow through the lungs and 
a degree of pulmonary vascular reactivity to oxygen, 
which is a pulmonary vasodilator. Patients with the 
Eisenmenger reaction usually have a relatively fixed 
pulmonary vascular resistance, as determined with the 
administration of both oxygen and tolazoline.!? During 
pregnancy systemic vascular resistance decreases, 
possibly as a result of hormonal factors,!^ and these 
factors may cause some changes in the pulmonary vas- 
cular bed that may be more easily detected in patients 
with a high pulmonary arterial pressure. Although for 
the reasons noted it may be difficult to calculate the 
changes in the Qp/Qs ratio because of the use of an as- 
sumed rather than a determined pulmonary venous 
oxygen concentration, the decrease in pulmonary ar- 
terial pressure in our patient at a high level of inspired 
oxygen concentration was clear and reproducible. Be- 
cause the patient has not returned for further study we 
could not determine if reactive pulmonary vasculature 
was also present in the nonpregnant state. 

Effects of uterine contraction and body position: 
Each determination performed during a uterine con- 
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tat io of pulmonary to systemic blood flow (Qp/Qs), with 

ae a concomitant increase in pressure in both arterial beds. 

nj The reason for this decrease in the Qp/Qs ratio may be 

| ^ re related to the relative compliance of the pulmonary and 

es | Systemic circulations. It has been shown that in patients 

. without heart disease each uterine contraction causes 

an increase in cardiac output and right atrial and ven- 

i tricular pressures.!? If the pulmonary circulation was 

A A only slightly reactive in our patient and had a relatively 

- fixed resistance compared with that of the systemic 

—  eirculation, it would not be able to accommodate the 

= augmented cardiac output associated with each uterine 

— contraction. This condition would explain a tendency 

toward right to left shunting at the ventricular level. 

Such shunting is augmented by the low baseline sys- 
temic vascular resistance that occurs in pregnancy.? 

One factor influencing cardiovascular status in late 

pregnancy and during labor is that the gravid uterus 

decreases cardiac output in the supine position, pre- 

sumably by impeding venous return as a result of 

compression of the inferior vena cava.!? In our patient 

we aid not observe hemodynamic or shunt flow changes 

related to position. 
Effect of anesthesia: There is concern about which 
method of anesthesia is safest in a patient with the 
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Eisenmenger reaction!$ during labor. The hid | 
namic effects of various forms of anesthesia in normal — 
subjects have been studied," but whether these findings 
can be extrapolated to the patient with the Eisenmenger — - 
reaction is questionable. In our study, a carefully ad- — : 
ministered epidural block (chloroprocaine hydrochlo- 
ride 4 ml, 2 percent) caused no change in or iden ; 
fect on pulmonary hemodynamics or shunt flow, thus 
supporting the use of this method of anesthesia. Oxy- E 
tocin, a uterine smooth muscle stimulant, also had no - | 
adverse effect on hemodynamics or shunt flow in our P 
patient and thus may be administered to patients with 
the Eisenmenger reaction. Ker Pads " 
Clinical implications: The patient who underw ent — 
this study was advised to undergo further oen to ^. 
so far has not returned for follow-up care. Although ou 
patient tolerated labor and delivery extremely well ai 
without complication, we continue to advise therapeu 
abortion in similar clinical situations, on the basis of t 
experience of others. When an elective abortion cannot 
be performed or a patient with the Eisenmenger reac- 
tion undergoes a similar stressful procedure such as 
tubal ligation, we recommend the administration of high - 
concentrations of oxygen, epidural anesthesia and the — 
determination of serial arterial blood gases to detect: j 
changes in shunt flow. 
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- Effect of Propranolol on Fetal Tachycardia 
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. In Diabetic Pregnancy 

zd . 
a 
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_ ARTHUR TEUSCHER, MD Propranolol was administered during the last 20 days of pregnancy to a 

_ EMILIO BOSSI, MD diabetic woman because of fetal tachycardia (heart rate approximately 

_ PETER IMHOF, MD 200 beats/min). With a daily dose of 160 mg of propranolol, a fetal heart 


ERHARD ERB, MD rate of 120 to 160 beats/min could be achieved. Blood concentration of 


j Agr STe ali MD propranolol was measured in the mother and infant after birth. The level 
P ^ "am in the neonatal blood was 20 percent of the maternal sample, which is 
, Berne, Switzerland definitely higher than expected from animal experiments. No undesirable 
1 Y | effect of propranolol treatment was detected. Postpartum, the infant 
E demonstrated paroxysmal supraventricular tachycardia, and propranolol 
f was again essential in maintaining a normal rate. 

1 

E Beta receptor blocking agents are being used with increased frequency 
be: in young patients with hypertension,! thyrotoxicosis,? obstructive car- 
* diomyopathy? and paroxysmal atrial tachycardia,* but to date they have 
E been used rarely to treat such fetal abnormalities as cardiac arrhythmia.® 


Indeed only a few cases of the use of propranolol during pregnancy have 
been reported.!-!4^ The measurement of fetal serum propranolol levels 
has been reported in several cases.!?-14 

This report concerns the use of propranolol to treat tachycardia first 
recognized in the 35th week of pregnancy in the fetus of a diabetic 
woman. Propranolol levels were determined in the mother and infant 
at the time of cesarean section. 


Case Report 


This was the third pregnancy of a 35 year old woman with insulin-dependent 
diabetes of 3 years' duration. The first pregnancy was uneventful and occurred 
3 years before the diagnosis of diabetes. Diabetes was diagnosed during the 
second pregnancy, which ended in a spontaneous abortion in the 3rd month. 
Subsequently the patient was treated with diet and insulin. The disease was 
labile, requiring daily administration of 4 units of regular insulin and 14 units 
of insulin-zinc suspension. 

In her third pregnancy the woman required multiple daily doses of insulin 
in her 2nd month, the total dose reaching 86 units with the aim of keeping the 
blood sugar level at 100 mg/100 ml. There were repeated episodes of moderate 
hypoglycemia during the first trimester but no signs of ketosis. The patient was 
admitted to the Lindenhofspital in Berne at the end of the 34th week of preg- 
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E nancy with hydramnios. At that time she weighed 68 kg and her blood pressure 
E was 119/70 mm Hg. There were signs of marked hydramnios and 1+ peripheral 
S From the Department of Medicine, the Diabetes- edema. 

E: Station, the Department of Pediatrics, the Divi- The fetal status was monitored with seven human placental lactogen deter- 
_ Sions of Neonatology and Pediatric Cardiology of minations; values ranged from 10.2 to 11.5 ug/ml, all higher than normal for our 
. the University Medical School at Berne, and the laboratory. At the end of the 36th week the amniotic fluid lecithin/sphingomyelin 
U jdn ia A aiia Sr gunt m Mis ratio was interpreted as demonstrating premature lung development. A second 
F eins ORAS ek CE pocas ‘nha determination in the 37th week was judged normal. 

e Salire Manascr we , The fetal heart rate at hospitalization was 200 beats/min (Fig. 1A). On three 
à pt received March 8, 1978, ber e. : 

| accepted April 6, 1978. | office visits before admission the rate had been 172, 144 and 200 beats/min, re- 
. Address for reprints: Arthur Teuscher, MD, spectively. Administration of propranolol was begun on the 5th hospital day at 
- Medizinische Universitátsklinik, Diabetes-Station, | 10 mg every 4 hours and increased to 40 mg every 6 hours. The fetal heart rate 
.. Inselspital, CH-3010 Berne, Switzerland. decreased to rates as low as 120 beats/min (Fig. 1B). The maternal heart rate 
B > 
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also decreased from more than 100 beats/min in the 35th week 
to a range of 84 to 96 beats/min. The duration of treatment 
was 20 days. 

Cesarean section was performed in the 37th week. Pro- 
pranolol and blood glucose determinations were performed 
every 2 hours from midnight to the time of operation (Table 
D. The concentration of propranolol in the neonatal blood at 
the time of delivery was equal to 20.8 percent of the concen- 
tration found in the maternal blood. Unchanged propranolol 
was determined by gas chromatography with the beta blocking 
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PROPRANOLOL IN FETAL TACHYCARDIA—TEUSCHER ET AL. 


drug metoprolol (Lopresor®) as the internal standard.! The 
limit of detectability of the method used is approximately 10 
ng/ml. 

The fetal heart rate during the cesarean section was 140 


beats/min. Marked hydramnios was found, and the fluid was : 


meconium-stained. The female baby weighed 3,670 g and was 
delivered after 3 minutes with no apparent complications. The 
Agpar score was 7/9/9, the heart rate at delivery was 132 
beats/min. The placenta weighed 630 g and showed several 
white infarctions up to 2.5 cm in diameter. 
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FIGURE 1. Fetal cardiotocogram. A, balre naiai showing fetal tachycardia. B, 7 days later (mother taking 160 mg o propranolol dal) showing 


a decrease in fetal heart rate. 
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TABLE. LAE 
. Glucose and Propranolol Determinations* 
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E Glucose f 
E: Time (Venous Propranolol Concentration 
E. p! Kof Whole in Plasma (ng/ml) 
»  . Sample .. Blood)! Individual Mean 
E. (hr) (mg/ 100 ml) Determinations Value 
E^ Mother 
|^ 00.00 100 70/68 69 
V 02. 00 103 111/116 114 
04.00 112 90/91 91 
06.00 132 113/117 115 
07.55 Cesarean Section; Glucose, 5% Intravenously 
08.00. 192 135/135 135 
.. 09.00 205 117/125 121 
11.00 266 104/106 105 
NA Infant 
08.00 67 28/24 26 
E Glucose, 10?6 Intravenously 
10.30 1221 20/17 18.5 
- 12.00 355 
13.00 505 
16.00 D 708 


ae Determinations performed at the Department of Pharmacology, 
CIBA-GEIGY, Basel, Switzerland. 1° 

2 | Glucose-oxidase. 

t Hexokinas 

|$8 Hexokinase. capillary whole blood. 
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— Respiratory distress due to aspiration occurred within 15 
minutes after delivery. This was treated with oxygen for 130 
- hours with a maximal concentration of 60 percent. No con- 
. tinuous positive airway pressure or ventilation was necessary. 
- Hypoglycemia did not develop. Thrombocytopenia (platelet 
count 40,000/mm?) was noted at age 1 hour, but the count 
- became normal within 1 week. Neurologically the baby ap- 
_ peared to be hyperirritable during the first 4 days. 

_ The baby’s heart rate remained normal (140 to 160 beats/ 
min) during the first 2 postpartum days, but on day 3 tachy- 
1 cardia (heart rate 250 beats/min) was detected (Fig. 2). Car- 
: - diac catheterization on day 5 detected no cardiac malforma- 
-. tions. Cineangiography revealed no intracardiac shunt but a 
CER enlarged left ventricle with increased wall thickness. 














The infant was treated with digoxin but there were frequent 
recurrences of tachycardia during days 4 and 5; accordingly, 
. administration of propranolol, 3 mg intravenously three times 
. a day, was begun on day 6. Subsequently no tachycardia was 
$i _ observed. At age 2 months, paroxysmal supraventricular 
): — tachycardia recurred, and the infant was treated by increasing 
T the propranolol to 4 mg three times a day. The child is now 2 
_ years old and well without medication; her electrocardiogram 
ds normal. 
Discussion 


= Pharmacokinetics of propranolol during preg- 
t nancy: The ability of beta blocking agents to cross the 
3 . placental barrier has been demonstrated in experiments 
I on animals.16-1? Beta blocking drugs with a high degree 

. of liposolubility, such as propranolol and oxprenolol, 
1 pass through the placental membrane more easily than 
. those with a low degree of liposolubility, such as sotal- 
- 01.18 Information on the pharmacokinetics of drugs in 
[ the fetus is scant and often restricted to single deter- 
minations of drug concentrations in maternal and 
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FIGURE 2. Infant electrocardiogram (precordial lead V4). Upper tracing, 
on day 1, showing supraventricular rhythm (rate 120/min and 145/min), 
changing P wave axis and changing P-R interval (0.12 and 0.15 second). 
(Right axis deviation, atrial enlargement, right ventricular hypertrophy 
and ST-T changes, also found, are not shown.) Lower tracing, on day 
3, showing supraventricular tachycardia (rate 250/min). In comparison 
with day 1, there is tachycardia, and the same P wave with slight pro- 
longation of the corresponding P-R interval. (Right axis deviation, atrial 
eniargement, right ventricular hypertrophy as well as ST-T changes 
were also still present.) (In both tracings, paper speed is 50 mm/ 
sec.) 


neonatal blood sampled at the time of delivery. Because 
the uterine and placental blood flow is modified by 
contractions during normal labor, the degree of expo- 
sure and the response of the fetus to a drug may not be 
the same as during pregnancy.”° 

In our case, there seems little doubt that the pro- 
pranolol concentration in the neonatal blood sample was 
one fifth of the maternal concentration because this 
value was verified by a second determination 2 1/2 hours 
later. This concentration is much higher than would 
have been expected from the values found in animals; 
the maximal concentration of propranolol in fetal lamb 
plasma was only 5 percent of that reached in the preg- 
nant ewe after intravenous infusion of the drug in a dose 
of 1 mg/kg.?! In man, however, the same ratio of 1 to 5 
was also found by Langer et al.!4 Cottril et al.!? found 
similar concentrations both in maternal blood and in 
blood from umbilical vessels. Animal! ^2? and human? 
studies show that deceleration of the fetal heart rate 
occurs with the administration of propranolol. The beta 
receptor blockade produced by propranolol and ox- 
prenolol lasts two to three times as long in the fetus as 
in the mother animal.!? 

Propranolol therapy of tachycardia during 
pregnancy and after birth: Intrauterine tachycardia 
can induce severe cardiac insufficiency. Cases of con- 
genital hydrops after fetal atrial flutter or paroxysmal 
tachycardia have been described.??-?6 Saint-Martin and 
Lugassy?? describe 26 patients with this condition: 18 


were digitalized, 3 died and the remaining 5 experienced 


reversion to normal sinus rhythm without treatment. 


Accordingly, it seemed appropriate to us to attempt to 


treat the fetal tachycardia. In our patient the fetal heart - 
rate became normal after treatment with propranolol. 
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A topic atrial pacemaker. Propranolol in addition to di- 


ae  goxin appeared to be essential to maintaining a normal 
‘Be heart rate. The fundamental cause of this tachycardia 


PI (xs 


i ‘is unknown. Wolff-Parkinson-White syndrome was not 
de found, and cardiac catheterization and cineangiography 
excluded congenital malformations. However, some 
type of cardiomyopathy?! cannot be excluded, especially 
jn view of the angiographic finding of increased wall 

t ; - thickness of the left ventricle. 
. Side effects: None of the side effects described with 
S eed use of propranolol in pregnancy$-912.13 were 
: f found in the infant. The placenta and the baby were of 
—— normal weight. The Agpar score was normal. Hypogly- 
= cemia did not develop with prophylactic glucose infu- 
- sion. No polycythemia was noted. The amniotic fluid 
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was meconium- -stained, as described in other cases in 


which propranolol was used.^!! However, it is not 
known whether this is a sign of intrauterine hypoxia or - 
the consequence of the direct effect of propranolol on - 
peristalsis. The fetal thrombocytopenia is Soex 


and has not been described as a consequence of pro- 
pranolol treatment. 
Despite the lack of side effects of prenatal propranolol a 
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treatment in this child, this therapy cannot be dismissed _ 4 
as harmless. Its use must be weighed against the danger - 
of development of fetal or neonatal cardiac insuffi- 


v - 


AES: 


> 
a 


ciency, or both. $ | A : 
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. Value of Coronary Bypass Surgery 


Controversies in Cardiology: Part | 


The value of coronary bypass surgery has been studied carefully during 
the last decade. Four methods, none perfect, have been used to compare 
the results of such surgery with the results of medical therapy. New data 
are likely to be merely supportive rather than the outcome of a definitive 
study with a new and acceptable experimental design. It is therefore time 
to analyze the available data in light of the treacherousness of the disease 
and to determine if a clear trend is evident. There appears to be sufficient 
evidence to state that properly performed coronary bypass surgery will 
increase coronary blood flow and relieve angina pectoris in 90 percent 
of patients; total relief of angina can be expected in 60 percent and partial 
relief in 30 percent. Compared with modern medical therapy, properly 
performed coronary bypass surgery appears to prolong the life of patients 
who have obstruction of the left main coronary artery or triple or double 
vessel disease. There is not adequate evidence to state that the procedure 
will prolong the life of patients with single vessel obstruction. However, 
patients with single vessel obstruction and unacceptable angina pectoris 
should be considered for bypass surgery (especially patients with ob- 
struction of the left anterior descending coronary artery). 

In practice, at Emory University Hospital, Atlanta, bypass surgery is 
recommended for young people with few symptoms if compelling ob- 
structing lesions are present and in older patients only if their symptoms 
require it. Medical therapy is given before and after bypass surgery. When 
bypass surgery is performed in an excellent fashion (operative risk 1 
percent) a great deal of “controversy” about this problem vanishes. 


Coronary bypass surgery relieves angina pectoris and prolongs life in 
properly selected patients.! In this presentation we review the scientific 
data supporting this belief. 


Methods of Scientific Study 


Coronary atherosclerotic heart disease is an enigma. Because the 
disease is so poorly understood, one must expect difficulty in comparing 
one form of its treatment with another. Accordingly, there are no perfect 
studies. The four methods used to compare the long-term effect of cor- 
onary bypass surgery with medical treatment are as follows: 

1. Retrospective matched studies. This method entails creating - 
a study plan (protocol) and applying it to previously observed patients. 
For example, the effect of surgery performed during this decade can be 
compared with the effect of the medical treatment used during the last 
decade. There are two serious problems with this method: It is difficult 
to match the patients because of selection bias, and one cannot assume 
that the medical management used during the last decade has remained 
the same in this decade. In fact, there is evidence that medical man- 
agement has improved during the last decade. Accordingly, if one did 
prove that surgical treatment performed in this decade was superior to 
medical treatment used in the last decade, it would have little relevance 
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to USES patient cz care, Yet how coit are we that this - 
~ approach has no value? The primary advantage of using | 


this method is that many of the studies had angio- 
- graphic documentation of the extent of the disease 
— during an era when coronary bypass surgery was not 
~ performed. Therefore, all patients could be observed 
- without the intervention of surgery and without the bias 
of selection for medical or surgical treatment. 
` Retrospective matched studies have been utilized 
- when the surgical treatment and medical treatment 
were implemented during the same time period, but the 
problem of matching the patients with precision and 
without selection bias remains. With such studies, it is 
possible to diminish, but not to eliminate, the criticism 
that one of the types of treatment has improved during 
the last 5 to 10 years. For example, surgical treatment 
in many institutions is better now than it was 2 years 
ago. 

2. Prospective matched studies. This method en- 
tails creating a study plan (protocol) and entering pa- 
tients into the study as they are observed. Some patients 
will be entered into a surgical and some into a medical 
group. Selection bias may occur and influence the entry 
of patients into one or the other group. The difficulty 
in perfectly matching the two groups is always present. 
This method does eliminate some of the problems pre- 
sented when all parts of a study are not carried out 
during the same time period. However, it does not 
guarantee that all of the variables are equalized. For 
example, in comparing the results of bypass surgery 
with those of medical management, one should use the 
same medical management in all patients in the medical 
group and use no medical treatment in the surgical 
group. This is obviously not possible. 

. . 8. Prospective randomized study.” Theoretically, 
this should be the best method of performing clinical 
trials. Practically, it often is not. Although all parts of 
the study are carried out during the same time period 
and patients are randomized, theoretically eliminating 
the problem of selection bias, not all variables are 
equally controlled. For example, there is a learning 
curve in bypass surgery. If the surgeons are just begin- 
ning their work at a given hospital, the surgical results 
will be poorer at the beginning than at the end of the 
study period, and the early results will favor the medi- 
cally treated group. Second, experience has shown that 

A it is impossible to retain patients in a medically treated 

_ group. Seventeen percent of the patients in the Veterans 
z 2 - Administration clinical trial of patients with chronic 
stable angina and 33 percent of those in the National 
Institutes of Health clinical trial of patients with un- 
stable angina “crossed over” from medical to surgical 

~ treatment (see later discussion). Such changes, of 
— — course, have profound influence on the interpretation 
— of study results and make it impossible to draw firm 

A conclusions regarding the long-term survival of either 
group. There is also the problem of the bias of the ob- 
server for or against surgery. The observer may advise 

. . apatient to go to a facility where he can be assured he 

. . will receive one or another form of therapy and does not 


YX 


. enter certain patients into the study. When a prospec- _ 
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tive randomized study is carried out in numerous fa- 
cilities, when a large number of people and procedures - 
are involved and when the disease under study is as ; 
complex as atherosclerotic heart disease, it is impossible — 
to control and match all of the variables involved. One 
hospital in a cooperative study might contribute 20 E 
percent of the total number of patients and show tha zh 
bypass surgery prolongs life by comparison with medical | 
management. However, when these good surgical results — 
are added to poorer surgical results of other hospita A i 
in the study, the benefits of surgery may no longer be e 
evident. To restate, prospective randomized clinical a 
trials should give the best scientific results. To date, the — 
trials that compare the medical and surgical treatment 
of coronary atherosclerotic heart disease have been — 
difficult to implement and have been less than satis- - ap 
factory. i e 
4. Comparison of study groups with life tables. - 
The Department of Health, Education, and Welfare has |- 
generated life tables that permit one to estimate the 
yearly survival rate of persons living in the United 
States. Various insurance companies have made similar - 
tables. For example, if one knows the age, race and sex - 
of a person one can predict his or her chances of sur- 5 
viving 5 years by referring to the life tables. Such tables - 
give information regarding the annual death rate of the - 
general population. The general population is made up - : 
of truly well people, apparently well people and sick - 
people. The survival curve of patients will obviously be 
poorer than the survival curve of matched persons from 4 
the general population. Remember that the age, race - 
and sex of the individual members of the study group | 
must be matched with the age, race and sex of persons 
in the general population. The survival curves of study a 
groups can be compared with the survival curves of — 
persons from the general population (life table) and . 
when the study groups are matched angiographically | 
they can be compared with each other. This method of — 
study is currently popular and has much merit. It, too, 
is not perfect. Some critics state that the number of - q 
patients in a study group is small when compared with _ 
the general population and that the former may not be — 
a representative sample of the whole. We agree with this — 
view but do not believe it a valid criticism because the | 
objective is to see if an intervention can shift the survival — 
curve for sick people toward the survival curve of people - e 
from the general population. zea 
Comment: There is no perfect method of determin- _ 
ing if coronary bypass surgery is superior to medical 
therapy in relieving angina pectoris or prolonging life. 3 
The first three methods mentioned have been utilized — 
to compare the effect of bypass surgery and medical. a l 
treatment in the relief of angina pectoris, and all four 
methods mentioned have been used to determine vueg 
mode of treatment (bypass surgery or medical man- 
agement) is most useful in prolonging life. = 
Because each method of study has certain advantages 3 
and disadvantages, it seems logical to examine the re- — 
sults generated by all of the methods and to ascertain 
if a trend is evident. If a significant number of tbe w 
methods, imperfect as they are, indicate the same trend; 
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. then a NT effe ect ls: more Mah. to be SEL than if thái. Js 
-trends are divergent. | 
E Finally, it i is unlikely that. new prospective random- 


. ized studies comparing the effect of coronary bypass 
|» surgery with medical therapy will be initiated. The 
_ problems created by the studies in progress have 
3s _ blunted the enthusiasm for such an approach. Accord- 
_ ingly, we must make up our mind using the data we now 
. have. 
None of the stibible studies show that modern 
| 3i medical treatment is superior to bypass surgery in 
. prolonging life. A few studies show that the two methods 
e of treatment are of equal value, but the majority show 
E the superiority of bypass surgery to medical treatment 
Ls in prolonging life. (We have already alluded to the fact 
cu that patients who have bypass surgery also continue 
medical treatment.) 
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P Brief Note Regarding Statistical Analysis 


- Statistics i is a set of tools that can be used to help 
SEP good decisions on the basis of limited and vari- 
able information or data.? No good statistician will 
E claim that statistical methods necessarily yield absolute 
truth; however, proper use of statistics can permit one 
— tomakea better decision than is possible when the de- 
E cision is based on opinion alone. 
a Statistical manipulation does not yield absolute 
Es truth. There is no way to find absolute truth in science, 
f Es which is why science is defined as the search for truth. 
. Statistical methods can minimize but cannot eliminate 
? errors. It is wise to remember that in statistics there are 
| two types of errors.?4 A type I error is made when one 
. assumes that a certain intervention has produced a 
- certain effect whereas in reality the effect produced is 
. due to chance. The pure scientist wishes to avoid this 
.. type of error and sets up his or her investigation to do 
RS that. A type II error is made when an observed event is 
E. considered to be due to chance whereas in reality it is 
due to a scientific intervention. When an investigator 
"a sets up an investigation to minimize a type I error, the 
_ likelihood of a type II error is increased (and vice versa). 
- Other information is utilized to determine which type 
- of error should be avoided. The significance level (œ) 
. determines the acceptable risk of a type I error. The 
E lower the significance level (œ) the more likely one is to 
. makea type II error. For example, if one chooses a sig- 
. nificance level («) of 0.001 in an effort to avoid a type 
E Terror, one might overlook a valuable method of treat- 
ment (and make a type II error). 
à Too little attention is paid to these problems. For 
example, it may be wise to accept a significance level of 
-. 0.075 when comparing two types of treatment if one 
treatment i is not very satisfactory and the consequence 
. of missing a valuable new treatment is death. We should 
i remember that coronary atherosclerotic heart disease 
is the leading cause of death in this country and that 
2 about half of the subjects who die of it die suddenly. The 
E disease is common, it is serious and current treatment 
- is unsatisfactory. It follows that if a new treatment can 
; ~ be employed with little risk, it would be wise to err on 
Í the side of avoiding a type II errar as well as | having 
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S d CC TCR but not total, assurance that a type lerroris - 


being avoided. In other words, at this time, what type 
of error should be avoided? We obviously do not want. 
to recommend a treatment that is not valuable or. 
overlook a treatment that is valuable. We believe that 
the data now available on treatment of atherosclerotic 
heart disease should be viewed in this context. 


Relief of Angina Pectoris 


Coronary bypass surgery relieves angina pectoris in 
symptomatic patients. In Mundth and Austen's review? 
of 10,000 patients from 16 centers operated on before 
1971, symptomatic relief of angina pectoris was reported 
in 60 to 70 percent. In our surgical patients at Emory 
University Hospital in Atlanta, we find that 92 percent 
have relief of symptoms and 62 percent are free of an- 
gina pectoris. 

The Veterans Administration trial of patients with 
stable angina pectoris? showed greater relief of symp- 
toms in surgically treated than in medically treated 
patients. The investigators concluded: 


In summary, a systematic evaluation of the severity of an- 
gina pectoris in a large scale randomized study has revealed 
substantial improvement in symptoms with a decrease in daily 
medications used in patients who received surgical treatment 
compared to medically treated cohorts. 'The degree of im- 
provement is related to graft patency but a placebo effect is 
probably also present. 


The National Institutes of Health randomized trial 
study of patients with unstable angina pectoris? showed 
a significantly greater occurrence of class III and IV 
angina pectoris in the follow-up period in medically 
treated patients (45 percent) than in surgically treated 
patients (15 percent). 

Relief of pain is closely related to vein patency.® Seigel 
et al.,? studying a subgroup of patients who had all ob- 
structed vessels bypassed and patency of all grafts, 
could not produce angina in any and found that isch- 
emic S-T changes in the electrocardiogram were abol- 
ished in 89 percent of patients. In contrast, the small 
group of patients with incomplete revascularization or 
graft failure, or both, showed no relief in angina pectoris 
or reduction in S-T segment change with exercise. 
Kouchoukos et al? studying a group of surgically 
treated patients with unstable angina, found marked 
improvement in the exercise ability of patients when all 
grafts were found to be patent, slight improvement 
when only one graft was patent and no improvement 
when all grafts were closed. The Cleveland Clinic!? re- 
ported that 86.6 percent of patients who had complete 
revascularization had class I angina pectoris postoper- 
atively compared with only 55.7 percent of patients who 
had incomplete revascularization. 

Coronary bypass surgery not only relieves angina 
pectoris but also improves myocardial performance.!! 
These effects had never been achieved with earlier 
forms of surgical treatment. The major mechanism re- 
sponsible for the relief of angina pectoris and improved 
myocardial performance under stress has been dem- 
onstrated to be improved myocardial blood flow.!? 
Other mechanisms of pain relief such as placebo effect 
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—. gery,!® xenon washout studies!4 and, more recently, 
-~ . myocardial perfusion scanning techniques.!? 
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. medical group. Fifty-four percent of the 17 percent who 
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= The frequency with which patients obtain symp- 


— tomatic relief and the duration of relief depends on 
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crossed over in the Veterans Administration study did 





several factors: 

1. The relief of angina pectoris by coronary bypass 
surgery is determined by the degree of revasculariza- 
tion. This must be emphasized strongly because it is the 


. most important factor in achieving the desired result. 


Obviously, it is desirable for all grafts to remain patent. 
Graft patency has increased with improved surgical 


experience. At Emory University Hospital 90 percent 


of grafts are patent 1 year after surgery. In a recent re- 
port from the Cleveland Clinic!® there was little dif- 
ference in graft patency rates between patients studied 
early and late; the patency rate was 82.6 percent in pa- 


. tients studied 48 months postoperatively. The Montreal 


Heart Institute!" studied 98 patients 6 years postoper- 
atively and found that the graft closure rate between 
year 1 and year 6 was only 10 percent. The factors that 
influence graft patency are the amount of arterial run- 
off, the size of the artery into which the graft is placed, 
the amount of graft flow and the experience of the sur- 
geon. Unfortunately, not all symptomatic patients have 


. suitable anatomy for coronary bypass surgery and many 


patients cannot benefit from surgery. At times, surgery 
is attempted on less than ideal vessels in an effort to 
help the patient. Obviously, some of the grafts to such 
arteries will not remain patent and all of the obstructed 
vessels may not be bypassed. In this group the greatest 
judgment and skill are needed to determine if grafting 


should be attempted. 


2. Unfortunately, coronary atherosclerosis may 
continue to develop in the native vessels. As time 
passes, angina pectoris and other events, such as sudden 


death or infarction due to decreased coronary blood 


flow, may develop. 

There is evidence that modern medical therapy for 
angina pectoris is superior to the medical treatment that 
was available 10 to 15 years ago. This improvement has 
been due to the use of propranolol, isosorbide dinitrate 
and nitroglycerin ointment. If this is true, it is proper 
to ask how often does modern medical therapy fail. 
Prospective randomized studies have shown that de- 
spite modern medical therapy that includes the use of 
propranolol, a significant number of patients will “cross 
over" from medical to surgical treatment. The number 
of “crossovers” was 17 percent in the Veterans Ad- 
ministration trial of patients with chronic angina pec- 


 toris!? and 33 percent in the National Institutes of 
— Health trial of patients with unstable angina pectoris.’ 


When a significant number of patients in a randomized 


study cross over from the medical to surgical treatment, 


it is difficult or impossible to use the study to determine 
the longevity of patients originally assigned to the 


Eri so because of unacceptable angina pectoris.!^ In the 


4 i AUN s 
ie wee t 2 


= i. 
E 


. and interoperative infarction play a minor role. Anin- ^ National Institutes of Health study,’ angina pectoris — 
— crease in myocardial blood flow has been demonstrated. 
dar edit UEM, PN Fest AG SS pss NS 
_ with electromagnetic flowmeter measurements at sur 








le x , o> + B x P P. "MR " j 

E l ES Ad uy a al "S iod SRA m 
BYPASS SURGERY—HURST ET AL. . 

\ i T ir : 2 T P. 


-— "zs Ww AUCTI 

x SUL oid ^ 4 NUITS 

> Bata TECUM xs PES . CN P» 
4 x i 


gii 
^ ow 
- 


~~ 


(classes III and IV) occurred during the follow-up period —— 
in 45 percent of the medically treated group and in 15. — 
percent of the surgically treated group. Unacceptable — 
angina pectoris led 33 percent of the medically treated — 
patients to cross over to the surgical group in the Na- — E 
tional Institutes of Health trial.” These data support 
the view that coronary bypass surgery is needed to — 
relieve angina pectoris because it is virtually impos- .— 
sible to relieve angina pectoris in all patients with — 
medical therapy even when propranolol and other — 
modern drugs are used. Unfortunately, too, not all pa- _— 
tients can tolerate propranolol. D 
3. We must remember that patients with operable — . 
obstructive coronary disease who have angina pectoris — 
may also have other types of chest discomfort. For — : 
example, some patients also have chest discomfort due B 
to esophageal reflux and spasm, anxiety (neurocircu- — . 
latory asthenia), chest wall pain, or other factors. One . 
or more of these conditions may account for the con- 
tinued chest discomfort in some patients after coronary _ 
bypass surgery. ^ ME 


! XEM 


Dangers of Procrastination - m 


One can properly ask what harm can come by delay- 
ing surgery in patients who are “getting by" with their 
angina pectoris? Regrettably, sudden death, episodes 
of increasing angina pectoris and myocardial infarction — 
may occur. Plotnick and Conti!? performed coronary _ 
arteriography and left ventriculography in patients with — 
unstable angina pectoris and separated them into two — . 
groups: patients who could be operated on but were not  : 
operated on (Group I) and patients whose condition was 
inoperable (Group II). The first year mortality rate in 
Group I was 9.5 percent. There were no additional — 
deaths for 3 more years, but 14 percent of the patients — 
had a nonfatal myocardial infarction and 50 percent had — 
class III angina pectoris. One reason for the low mor- 
tality rate after the first year was that one third of their — 
patients in Group I had single vessel obstruction. About — 
17 percent of the patients in this group were offered _ 
surgical treatment because medical management was 
not satisfactory. The first year mortality rate in Group  : 
II was 18 percent. After this initial mortality the inci- _ 
dence rate of nonfatal infarction was 27 percent, and 50 — - 
percent of the patients had class III angina. The mor- _ 
tality rate in 3 more years was 36 percent. All patients _ 
entered into the study had angina at rest that was of — 
recent onset (12 patients) or had evolved from a pattern 
of stable angina on effort (20 patients). The first year — 
mortality rate was unacceptably high in Group I, and _ 
the number of infarcts and the amount of angina that _ 
occurred after the first year indicate that the condition — 
of many of the patients was becoming inoperable. Could 
it be that delaying surgery in some patients with an- — - 
gina pectoris results in an inoperable status? | B 

One of us (J.W.H.) selected 24 patients with unstable — 
angina pectoris that matched those described by Plot- . 
nick and Conti except that almost all of the patients had 
double or triple vessel obstruction (Fig. 1). There were 
no operative deaths in the group and no deaths in fol- 3 
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(24) Non-Fatal Infarcts |O% 
IOO Angina Pectoris I3 9/5 
\ (21) EA ORDUEI 
Non-Fatal 
9Oq« 9 Y : Y x : T infarcts - 14% 
over 50% with angina 
= 80 FIGURE 1. Survival curves and inci- 
> (11) dence of angina pectoris and nonfatal 
lI infarcts in two groups of medically 
wr treated patients reported on by Plotnick 
a) 70 NON-OPERABLE and Conti'? and in a surgical group of 
V) GROUP II Non-Fato! patients at Emory University Hospital 
3e Infarcts — 27% (upper curve) matched according to the 
60 over 50% with angina symptoms described by Plotnick and 
Conti (see text). The medically treated 
patients in Group | (middle curve) had 
50 unstable angina pectoris and were 
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low-up at 1 to 2 years compared with the 9.5 percent 
first year mortality rate in their group. In the light of 
this experience, it is difficult for us to delay surgery 
when it is clear that many patients will die or enter an 
inoperable state if one waits and hopes that all will go 
well. 


Prolongation of Life 


Mortality due to coronary atherosclerotic heart dis- 
ease is closely related to the degree of impairment of 
myocardial perfusion. This degree of impairment is 
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FIGURE 2. Survival curves of medically treated candidates for partial 
or complete revascularization (see text). LCA = left main coronary 
artery. (Reprinted by permission of Bruschke?^ and the Cleveland 
Clinic.) 


classified as operable but were not 

operated on; those in Group Il had un- 

stable angina pectoris and were clas- 

sified as inoperable. (The two lower 

48 curves are reprinted by permission of 
Plotnick and Conti'? and The American 
Journal of Medicine.) 


determined by the number of obstructed arteries. It 
should not surprise one that techniques that improve 
myocardial perfusion and relieve angina pectoris can 
also prolong life. However, it is much more difficult to 
document improved survival than relief of angina pec- 
toris. After all, a change in the symptomatic status of 
patients can be demonstrated with each patient acting 
as his own control. A change in longevity is much more 
difficult to measure because no one can say with as- 
surance how long an individual patient will live. There 
is no way to study longevity in the individual patient, 
and the clinical trials performed to date are flawed. 
Nonetheless, because clinical decisions must be made, 
it is necessary to examine the results of the available 
studies and determine the direction of the evidence. 

Richards et al.?? reported the 25 year follow-up results 
in 456 patients with angina pectoris. The annual mor- 
tality rate was 5 percent for the first 5 years and the 
cumulative mortality rate at 10 years was 41 percent. 
The annual mortality rate of patients with unstable 
angina pectoris is even higher.!??! However, with the 
development of coronary arteriography, it was discov- 
ered that some patients who were thought clinically to 
have coronary atherosclerotic heart disease in fact had 
normal coronary arteries. Accordingly, an answer to the 
question regarding prolongation of life requires that all 
patients in a study group have coronary arteriography 
and left ventriculography. 

We will first make some general comments and 
present some cumulative data that compare the survival 
of patients treated medically with patients treated with 
bypass surgery. Specific subsets of patients will then be 
discussed. The most sensitive predictors of survival are 
the number of coronary arteries involved and the degree 
of left ventricular damage.?? Accordingly, we will ex- 


. $12 August 1978 The American Journal of CARDIOLOGY Volume 42 





"n E 


~~ 


% SURVIVAL 
doo 


eo 


MEDICAL MANAGEMENT- 
3009 Patients Studied 
Angiographically in 24 series 
e Stable and unstable 

O Main left lesions 


O dg A sd 
I-B,i2 Noe cs. o 7S 


YEARS 


FIGURE 3. Compilation of the survival data of patients treated medically 
and reported in 24 different series of patients. We thank David Greene 
and his colleagues?? for permitting us to reproduce the graph. 





amine and discuss separately patients with obstruction 
of the left main coronary artery, those with triple, 
double, and single vessel obstruction and those with 
normal and abnormal ventricular contractions. 


General Comments and Cumulative Data 


We are grateful to Mason Sones at the Cleveland 
Clinic for his development of coronary arteriography.?? 
This procedure, with its modern modifications, has 
clarified many diagnostic problems and was the fore- 
runner of modern bypass surgery. The persistence of 
Sones made it possible for the workers at the Cleveland 
Clinic to codify the patients who were sent to them 
during the mid 1960's and to follow up the patients, in 
concert with the referring physician, for 10 years. Many 
workers at the Cleveland Clinic, including Proudfit, 
Bruschke, Sheldon and others, participated in the fol- 
low-up studies of these patients. 

Survival curves of medically versus surgically 
treated patients: Bruschke?* reported the 10 year 
follow-up study of 601 patients at the Cleveland Clinic 
who were not operated on because bypass surgery was 
not yet available but who could have been operated on 
by modern criteria. The survival curves for patients with 
obstruction of the left main coronary artery and for 
patients with obstruction of three or two vessels and of 


‘one vessel are shown in Figure 2. It has been said that 


survival curves created during that time period repre- 
sent the best data on the natural history of coronary 


~ atherosclerotic heart disease. The patients managed 
.. during that period received medical treatment such as 
. advice regarding rest and activity, administration of 
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FIGURE 4. Survival curves of patients who had bypass surgery at the — 
Buffalo General Hospital (BGH) and of six medically treated groups?6-3! - 
(see text). N = number of patients; SEM = standard error of the mean. 
We thank David Greene and his colleagues?? for permitting us to re- - 
produce the graph. id E 
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nitroglycerin and administration of certain long-acting — 
nitrates of questionable value. Propranolol, isosorbide - 
dinitrate and nitroglycerin ointment have only been : 
used properly and extensively during the current dec- — 
ade. The Cleveland Clinic curves (Fig. 2) are shown here ~ 
for two reasons: (1) The reader can more readily per- — 
ceive the seriousness of the disease in a display such as E 
this, and (2) we will refer to these curves later when we - 
compare the survival curves of more recently treated - 
patients with the survival curves of patients treated | 
during the earlier time period. ' SOUPE 
Greene and his colleagues?? at the Buffalo General - 
Hospital presented their elegant work in an exhibit at 
the Annual Meeting of the American Heart Association — 
(December 1977).2° Their chart (Fig. 3) shows the 5 year | 
survival rate of 3,009 patients studied angiographically 
and treated medically in 24 reported series. They sep- - 
arated the patients into those with stable and unstable 
angina and those with obstruction of the left main cor- 
onary artery. The 5 year survival rates are similar to 
those observed in the curves of Bruschke?^ (Fig. 2). — - 
Figure 4 compares the survival curve of all patients - 
who were operated on at the Buffalo General Hospital” - 
with that of six medically treated groups.?9?! This re- - 
trospective matched study has the disadvantage of 
compariug more recent and vastly improved bypass 
surgery with older medical treatment when it is now - 
thought that medical management has improved during - 
the last few years. This criticism would require proof — 
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FIGURE 5. Survival curves of all patients operated on 
at the Peter Bent Brigham Hospital (PBBH) and of medi- 
cally treated patients reported on by the Cleveland Clinic 
(1973). p = probability. (Reproduced with the permission 
of Cohn et al.°? and The American Journal of Surgery.) 
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_ that more recent medical management is truly better 
_ than earlier medical management and that surgical 
_ treatment has reached its zenith. We mention the crit- 
_icism to let the reader know that we are aware of the 
_ problem. However, we believe that such data cannot be 
_ discounted because all patients will not adhere to ex- 
_ cellent medical management when it is prescribed over 
.a 10 year period of time. Remember, some patients 
_ cannot tolerate propranolol. We use the comparison also 
_ to develop what appears to us to be a gestalt regarding 
_the problem that is perceived only by recording the 
-history of the development. Greene et al.25 also pre- 
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FIGURE 6. Survival curves of patients treated surgically at the Buffalo 
General Hospital (BGH) and of a group of patients, matched for age and 
sex, from the general population. We thank David Greene and his col- 
leagues” for permitting us to reproduce this graph. 





sented data showing that many medical centers have 
achieved surgical results such as theirs. 

Cohn et al.?? of the Peter Bent Brigham Hospital in 
Boston reported a cumulative survival rate of 95 percent 
at 48 months for all of their patients who had bypass 
surgery. The cumulative survival rate for the medically 
treated group reported by the Cleveland Clinic was 70 
percent? (Fig. 5). 

Survival curves of surgically treated patients 
compared with those of the general population: 
Greene et al.2° compared the survival curve of all of their 
surgical patients with the survival curve of the general 
population of the United States (Fig. 6). The patients 
were matched according to age and sex. The cumulative 
survival rate at 5 years was about 90 percent in the 
surgical group and about 95 percent in the general 
population. These workers point out that, if their latest 
annual 30 day and 2 to 12 month mortality rates are 
used, the survival curve for surgically treated patients 
becomes indistinguishable from that of subjects from 
the general population. The Buffalo group have shown 
a remarkable phenomenon: Their 5 year cumulative 
survival rate for surgically treated patients differs by 
only 5 to 10 percentage points among patients with left 
main coronary arterial obstruction and those with triple, 
double or single vessel obstruction. 

Spencer et al.?? pointed out in 1974 that patients 
operated on at their institution had a 5 year cumulative 
survival curve of 81 percent. The expected survival in 
a group of persons from the general population of sim- 
ilar age, race and sex was 92 percent. The surgical 
technique has improved since then, and the United 
States life tables used by Spencer et al. were for 1965 
and more recent life tables are now available. 

Lawrie et al.?* reported the following information 
regarding the long-term fate of 434 consecutive patients 
operated on between 1968 and 1971: 


The average crude annual attrition rate after the first year 
was 2.8 percent per year, which approximates that of the 
general U.S. population after correction for age and sex. In the 
next 677 consecutive patients the survival rate after 5 years 
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FIGURE 7. Survival curves of patients who had bypass 85 
surgery at Emory University Hospital. The lower curve 
shows the follow-up results in patients who entered the 
study between June 1, 1973 and June 1, 1977. The upper 80 


curve shows those of patients who entered the study 
during the last 2 years (from June 1, 1975 to June 1,1977). 
N = number of patients. 


was 91.4 percent (including 4.7 percent operative mortality 
rate) compared with the survival rate of a similar normal 
population of 92.7 percent. The operative mortality rate of 7.1 
percent in this early experience has been reduced to less than 
2 percent in current experience. These results suggest that the 
coronary bypass procedure provides sustained symptomatic 
relief and may prolong life. 


Lawrie et al.35 also reported the following in the New 
England Journal of Medicine as a rebuttal to Murphy's 
article!? that appeared in the September issue of that 
Journal: 


Recently, we have completed follow-up observation of 1108 
consecutive surgical patients, 90 percent male with a mean age 
of 50.1 years, operated upon between 1971 and 1972 and all 
followed beyond five years. All patients were symptomatic, 
and double-vessel disease (>70 percent stenosis) was present 
in 413 patients (37.3 percent) and triple-vessel disease in 416 
patients (37.6 percent). Left-main-coronary-artery disease 
was presented in 83 patients (7.5 percent). Left ventricular 
function was normal in only 36 percent of patients and was 
significantly impaired with an end-diastolic pressure over 15 
mm Hg in 31 percent of patients (range, 15 to 55 mm Hg). 
Excluding left-main-coronary-artery disease, operative 
mortality overall was 3.5 percent. Overall survival (excluding 
left-main-coronary-artery disease) beyond five years was 90.0 
percent (927/1025). Survival in patients with preoperative 
end-diastolic pressure below 15 mm Hg was 93.2 percent 
(695/746) overall. According to J. Brock, actuarial director of 
the Prudential Insurance Company, Houston, survival of a 
population of identical age and sex distribution not known to 
have heart disease was 92.7 percent. Thus, survival after 
coronary bypass in our experience approaches that of a normal 
population. The improved survival in our series, we believe, 
cannot be attributed to patient selection. 


Austen®® has given us permission to use the following 
statement prepared by him: 


Just for the record, let me emphasize that our present 
hospital mortality for elective coronary artery surgery at the 
Massachusetts General Hospital is 1.5%. This includes some 
cases with ejection fractions of 20% or less. Our patency rate 

- atthe end of a year is approximately 9096. Our five-year sur- 
- vival is similar to the reports from other institutions—88% 
survival at five years—about the same survival as would be 
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expected in the age, race and sex matched group of individuals 
in the general population. 


Kirklin?? has given us permission to use the new data 
that he and his colleagues have collected at the Uni- 
versity of Alabama. They compared the survival curves 
of medically treated patients reported on by the Vet- 
erans Administration with their surgical group and the 


survival curves of persons from the general population - 


(matched for age, race and sex). They studied patients 
with left main coronary obstruction and triple, double 
or single vessel obstruction. The results, which are truly 
remarkable, will be described later. 

The cumulative survival curve of patients who had 
bypass surgery at Emory University Hospital is shown 
in Figure 7. The 42 month cumulative survival rate for 
the 850 patients operated on between June 1, 1973 and 
June 1, 1977 was 90 percent and the 24 month cumula- 
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FIGURE 8. Probability of surviving 3 years with surgical or medical 
treatment in patients with an ejection fraction (EF) of 25 to 49 percent. 
(Reproduced with permission of Vlietstra et al.38 and the Mayo Clinic 
Proceedings.) 
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tive survival rate for the 649 patients operated on be- 
tween June 1, 1975 and June 1, 1977 was 94 percent. 
‘These curves are shown to point out that our own ex- 
perience with bypass surgery is similar to that of Greene, 
Kirklin, Lawrie, Austen and others who are now 
achieving a 4 to 5 year cumulative survival rate of 90 to 
95 percent. 

It is beginning to appear that when a skilled surgical 
team operates on the appropriate patients they can 
achieve a 1 percent hospital mortality rate, complete 


. revascularization, a graft patency rate of 90 percent and 


a 4 to 6 percent perioperative infarction rate. Under 
such circumstances, it is possible to promise a 90 to 95 
percent 5 year cumulative survival rate. 
. Prognostic role of ejection fraction: Many studies 
have shown that the level of the ejection fraction pro- 
foundly influences the survival of patients with coronary 
atherosclerotic heart disease. Vlietstra and his col- 
leagues?? at the Mayo Clinic studied this problem ex- 
tensively using a prospective matched method. They 
found that among patients with an ejection fraction of 
25 to 49 percent the survival of those receiving bypass 
surgery was much better than that of patients receiving 
medical management (Fig. 8). It seems that one can 


. observe a difference in survival between medically and 


surgically treated groups within 3 years by choosing 


_ patients who have an abnormal ejection fraction. It also 
seems likely that survival differences between the two 
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groups may not be evident until after 3 or 4 years in 
patients who have a normal ejection fraction. 
Incidence of sudden death: Patients with coronary 
atherosclerotic heart disease are made ill by angina 
pectoris, myocardial infarction, heart failure including 


. a profound fatigue on effort, shock and arrhythmias. 


Patients with coronary atherosclerotic heart disease die 
as a result of sudden death, usually from a cardiac ar- 
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.. FIGURE 9. Prevalence of sudden death in patients with double and triple 


vessel obstruction. CHF — congestive heart failure; p — probability; sx 


. = symptoms. (We thank Vismara et al.*° for permission to reproduce 


this graph.) 7 
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rhythmia but occasionally from acute electrical me- _ | 
chanical dissociation, chronic heart failure or myocar- - 


dial infarction with acute heart failure, arrhythmia or - 
shock. Because sudden death occurs in about 50 percent 

of those who die of coronary atherosclerotic heart dis- 
ease it seems proper to present data to support the view 


that coronary bypass surgery is more reliable than , 


medical management in preventing sudden death. 

Hammermeister et al.3? reported on sudden deaths 
in medically and surgically treated patients. Their study 
was prospective and their patients were angiographi- 
cally matched. The follow-up period was 4 years. They 
studied the effect of three different categories of ejection 
fraction in patients with one, two and three vessel ob- 
struction. The percent of patients who died suddenly 
was less in every category of surgically treated patients 
than in the matched medical group. The authors 
state?8: 


The sudden death rates for subgroups of medically treated 
patients were 1.8 to 10.9 times higher than the rates in 
subgroups of surgically treated patients with a comparable 
extent of coronary disease and ejection fraction. 


Vismara et al.*? found that the prevalence rate of 
sudden death in surgically treated patients with double 
or triple vessel obstruction was about one third that in 
the medically treated group (Fig. 9).39 Their study was 
prospective using angiographically matched patients, 
and the follow-up period was 39 months. 

The Hines Veterans Administration Hospital par- 
ticipated in the Veterans Administration randomized 
study of angiographically matched patients with chronic 
stable angina pectoris.4! The Hines group contributed 
20 percent of the patients in the total cooperative study. 
At 5 years the cumulative survival rate was about 90 
percent for the Hines surgical group compared with 70 
percent in the Hines medical group. 

Angina pectoris: Cohn et al.?? also reported the re- 
sults of bypass surgery in patients with “preinfarction” 
angina pectoris. Their study was retrospective, and the 
medical group with which the surgical patients were 
compared was the group reported on by Gazes et al.2! 
(Fig. 10). The first year cumulative survival rate was 
about 80 percent in that medical group and about 98 
percent in the surgical group. The 4 year cumulative 
survival rate was about 70 percent in the medical group 
and about 95 percent in the surgical group. 

The study by Cohn et al.3? shows a remarkable sur- 
vival rate in the surgical group of patients with “prein- 
farction" angina. We know of no medical group with 
such a good survival rate. The study is criticized, how- 
ever, because it compares modern surgery with medical 
treatment given during an earlier time period. Then too, 
Gazes et al.?! studied their patients without the benefit 
of angiography. We recommend that the reader look 
carefully at the report of Plotnick and Conti.!? We 
discussed the report in detail earlier in the section on 
“Dangers of Procrastination.” Plotnick and Conti!9 
have shown us once again that unstable angina pectoris 
is a very dangerous condition. Furthermore, it is dan- 
gerous even with modern medical management. They 








observed a first year mortality rate of 9.5 percent in the 
group that could have had bypass surgery but did not 
and a 1 year mortality rate of 18 percent in patients 

= whose condition was not operable. One of us (J.W.H.) 
~ — Carefully matched the clinical histories of 24 patients 

= operated on at Emory University Hospital during 1976 
with those of the patients reported on by Plotnick and 
Conti (Fig. 1). There was no operative mortality in the 
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Emory group, and all patients were alive in April 1978. 
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The majority of patients operated on at Emory have ~ 


unstable angina pectoris. The operative mortality rate _ 


is about 1 percent and the cumulative survival rate at 


42 months is about 90 percent. Because of these results, — 
we could not randomize our patients with unstable an- © 


gina pectoris. 
The National Institutes of Health study of angina 
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tients with ‘‘preinfarction angina” operated on at the Peter - 
Bent Brigham Hospital (PBBH) and of patients treated medi- O 
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FIGURE 11. Results of the Veterans Administration 
=- . prospective randomized clinical trial of patients with 
| A obstruction of the left main coronary artery. (Reproduced 
—  . from Circulation with permission of Takaro et al.*? and 


. the American Heart Association, Inc.) MONTHS 
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». FIGURE 12. Survival curves of patients with left main coronary arterial 
.. obstruction treated with bypass surgery at Buffalo General Hospital 
_ (BGH) and treated medically as reported on by Lim,^? DeMots,^^ 
.. Cohen,** Alford*6 and Crochet^? and their co-workers. n = number of 
E patients. (Reproduced with permission of Greene et al.?5) 
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- pectoris? was not designed to study long-term survival 
- but to determine how urgent it is to operate immedi- 
_ately on patients with unstable angina pectoris. Because 
. 33 percent of the patients studied “crossed over" from 
the medical to the surgical group as a result of unac- 
ceptable angina pectoris, this particular study cannot 
- be used to determine the survival curve of patients with 
unstable angina. This clinical trial was a randomized 
- prospective study, but it is very difficult to achieve 
perfect randomization once it is known that one method 
_ of treatment is failing (medical treatment would soon 
_ be known as failing when 33 percent could not be re- 
. tained i in the medical group because of unacceptable 
. angina pectoris). It is also difficult to define the pool of 
. patients from which the patients in the study were se- 
. lected for randomization because the pool of patients 
_ with unstable angina in the institutions was much larger 
‘ than the small study group. 
It appears to us that retrospective matched studies, 
B erinective matched studies, prospective randomized 
studies and comparison of results in surgically treated 
E patients to the life table data all support the view that 
E . modern bypass surgery relieves angina pectoris and 
r - prolongs life in properly selected patients. We will later 
_ show that when specific subsets of patients are identi- 
a - fied it is possible to prove with even greater assurance 
- that, in comparison with modern medical management, 
| modern coronary bypass surgery prolongs life. 
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_ The patients with left main coronary arterial ob- 
_ Struction treated medically and reported on by the 
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Cleveland Clinic? had a 5 year cumulative survival rate 
of less than 57 percent and a 10 year cumulative survival 
rate of 25 percent (Fig. 2). 

The patients with left main coronary arterial ob- 
struction treated medically in the Veterans Adminis- 
tration prospective randomized study?2 had a cumula- 
tive survival rate of about 68 percent at 1 year and 61 
percent in 3 years (Fig. 11). The cumulative survival rate 
of the surgically treated group was 88 percent at 1 year 
and 83 percent at 3 years. The difference in the cumu- 


lative survival rate between the surgical and medical 


groups was even more striking when patients with ab- 
normal left ventricular function were considered. This 
particular clinical trial was so conclusive that neither 
the Veterans Administration nor anyone else will ever 
again randomize patients with left main coronary ar- 
terial obstruction. Other retrospective medical series 
have shown similar findings. Greene et al.25 compared 
the results in surgically treated patients with left main 
coronary arterial obstruction with those in five series 
of medically treated patients.*?-^7 The results, which 
favor bypass surgery, are shown in Figure 12. 

Figure 13 shows the superimposed cumulative sur- 
vival curves of the Veterans Administration medically 
treated group? (follow-up period 3 years) and those of 
the medically treated (follow-up period 10 years) and 
surgically treated (follow-up period 6 years) patients 
reported on by the Cleveland Clinic.48 The 6 year cu- 
mulative survival rate for patients at the Cleveland 
Clinic was about 88 percent for those treated with by- 
pass surgery and about 52 percent for those treated 
medically. The 3 year cumulative survival rate was 
about 90 percent for the group treated with bypass 
surgery at the Cleveland Clinic compared with about 61 
percent for the Veterans Administration medical group. 
Medical management fared less well in the Veterans 
Administration study than in the Cleveland Clinic 
study, although the former was performed during a later 
time period than the latter. 

Kirklin?? compared the survival curve of surgically 
treated patients at the University of Alabama who had 
left main coronary arterial obstruction with the survival 
curve of a group of persons from the general population 
who were matched for age, sex and race. The survival 
curve for the latter group was constructed from data 
from the 1974 U.S. life tables generated by the De- 
partment of Health, Education, and Welfare. He also 
compared the survival curve of the Veterans Adminis- 
tration medically treated group with the survival curve 
of persons from the general population of similar age, 
sex and race. The survival curve for the latter group was 
also constructed from data from the 1974 U.S. life ta- 
bles. T'he 5 year cumulative survival rate was about 96 
percent for the members of the general population 
matched with the Veterans Administration medical 
group and about 63 percent for patients in the latter 
group with left main coronary arterial obstruction. The 
5 year cumulative survival rate was about 94 percent for 
the members of the general population matched with 
Kirklin's surgical group and about 87 percent in the 
latter group. These data show the long-term results of 
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FIGURE 13. Survival curve of patients with obstruction 
of the left main coronary artery treated with coronary 
bypass surgery (Surg.) at the Cleveland Clinic (CLC) 
(upper curve) and treated medically (Med.) at the 
Cleveland Clinic (middle curve) or by the Veterans Ad- 
ministration (VA) groups (lower curve).42 


the hospital survivors after coronary artery bypass 
grafting; the data are only slightly altered if a group of 
workers reports a 1 percent hospital mortality rate. 

In Figure 14 the survival curve of the patients at 
Emory University Hospital with left main coronary 
arterial obstruction who had coronary bypass surgery 
is superimposed on that of the Veterans Administration 
medically treated patients.4? Since 1973, our surgical 
team has operated on and we have followed up 124 pa- 
tients with left main coronary obstruction. The cumu- 
lative survival rate of this group was 86 percent at 3 
years compared with the 61 percent cumulative survival 
rate of the Veterans Administration medical group.*? 
With the improved surgical techniques of the past 2 
years, 88 patients have been operated on at Emory 
University Hospital; the 18 month cumulative survival 
rate is about 94 percent in this group but only about 65 
percent in the medical group reported on by the Vet- 
erans Administration. 

From time to time an article appears proclaiming that 
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patients with left main coronary obstructic : may live 


a long time.*? Sometimes the reports imply that the — N 


condition may not be dangerous. Figure 2 shows clearly 
that there is a pool of patients with left main coronary 
arterial obstruction who have had the condition for 10 
years. (Note that the cumulative survival rate is 25 
percent at 10 years.) Accordingly, a physician may en- 
counter such patients. Those patients are fortunate 
because the chances are overwhelming that they will not 
live 10 years with this condition. In fact, there is a 50 
percent chance that such a patient will not live 5 years 
and a 20 percent chance that the patient will be dead in 


1 year (Fig. 2). The issue is not whether there are pa- ` 


tients who survive 10 years with left main coronary ar- 
terial obstruction, but what chance they have to do 
SO. 

Triple Vessel Obstruction 


When survival curves of medically treated patients 
with triple vessel coronary obstruction are analyzed, 
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FIGURE 15. Survival curves of patients with triple vessel obstruction 
treated with bypass surgery at the Buffalo General Hospital (BGH) and 
treated medically in five series.?6-?! n = number of patients; n.s. = not 
epos p = probability. (Reproduced with permission of Greene 
et al. 


they differ very little from the survival curves of medi- 
cally treated patients with left main coronary arterial 
obstruction. The medically treated patients reported 
on by the Cleveland Clinic had a 56 percent cumulative 
survival rate at 5 years after patients in inoperable 
condition were excluded from analysis (Fig. 2). Parker?? 
reported on the effect of abnormal left ventricular 
function on the survival of patients with triple vessel 
obstruction treated without surgery. Those with normal 
left ventricular contractility had a 5 year cumulative 
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survival rate of 66 percent compared with a 40 percent 
rate for patients with normal left ventricular contrac- 
tility. 

Figure 15 depicts the 5 year survival curve of patients 
who had coronary bypass surgery at the Buffalo General 
Hospital.2° The survival curve for surgically treated 
patients can be compared with the survival curves of 
five series of medically treated patients.2® 2830.3! The 
cumulative survival rate is about 88 percent at 5 years 
in the surgically treated group compared with 48 to 58 
percent in the medically treated patients. Cohn et al.,*! 
working at the Peter Bent Brigham Hospital, reported 
a cumulative survival rate of 97 percent at 5 years in 
patients who had bypass surgery for triple vessel ob- 
struction (Fig. 16). This compares with a 56 percent 
cumulative survival rate at 4 years in the medically 
treated patients reported on by the Cleveland Clinic. 

The preceding studies compare the results of modern 
surgical management with the results of earlier medical 
management. However, it should be obvious that 
medical management would have to improve consid- 
erably to compare favorably with the results of sur- 
gery. 

Kouchoukos et al.* recently reported the results of 
their patients who were operated on and followed up at 
the University of Alabama in Birmingham. The patients 
were not randomized, but the study was performed at 
one institution and the surgically treated and medically 
treated groups were observed and treated during the 
same time period. Figure 17 shows the survival curves 
for a group of patients who had coronary bypass surgery, 
a group who were surgical candidates but were not op- 
erated on and a group who had triple vessel obstruction 
but whose condition was inoperable. The cumulative 
survival rate at 46 months was 83 percent for the sur- 
gical group, 53 percent for the patients who could have 
been operated on but were not (medical treatment 
group) and 44 percent for the patients who could not be 
operated on. The medically treated patients whose 
condition was considered operable but who were not 
operated on undoubtedly received good medical treat- 
ment, but they did not fare nearly as well as the surgi- 
cally treated group. Hammermeister et al.?? reported 


3 Vessel CAD 


FIGURE 16. Survival curves of pa- 
tients with triple vessel coronary 
artery disease (CAD) treated with 
bypass surgery at the Peter Bent 
Brigham Hospital (PBBH) and 
treated medically at the Cleveland 
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curve of the patients who had bypass surgery (surg). The 
middle curve shows the survival curve of the patients who 
could have been operated on but were not (3 ves cand). The 
lower curve shows the survival curve for the patients who 
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FIGURE 17. Survival curves of patients with triple vessel 
obstruction who were treated and followed up at the Uni- — 
versity of Alabama. The upper curve shows the survival 40 


could not be operated on (non-cand). (Reproduced with the 
permission of Kouchoukos et al.? and F.A. Davis Compa- le 24 36 48 60 
ny.) MONTHS 


the results in a prospective matched group of patients 
who were studied in the Seattle area. They found that, 
in comparison with medical treatment, bypass surgery 
improved survival in patients with an ejection fraction 
of 20 to 50 percent. 

The first article!? reporting the results of the Veter- 
ans Administration randomized study of patients with 
chronic stable angina pectoris appeared in September 
1977. The report revealed the data on patients who were 
followed up for 3 years. Read et al.?! reported the data 
on the same patients at 54 months in January 1978. The 
subset of patients with triple vessel obstruction and a 
mild to moderate decrease in left ventricular contrac- 
tility deserves close scrutiny. There was little difference 
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FIGURE 18. Survival curves of 129 medically and 105 surgically 
treated patients with triple vessel obstruction who had an ab- 
normal left ventricle (from the Veterans Administration pro- 


in the survival curves of the patients treated surgically 
and those treated medically when the patient follow-up 
period was only 3 years (Fig. 18). However, despite a 
high operative mortality rate, incomplete revascular- 
ization, poor graft patency and some “cross over” from 
the medical to the surgical group, the cumulative sur- 
vival rate at 54 months was 85 percent for the surgical 
group compared with 76 percent for the medical group. 
In other words, the Veterans Administration study 
shows the benefit of surgical compared with medical 
treatment when the patient follow-up period is longer 
than 3 years. The learning curve in surgical treatment 
is of great importance. Unfortunately, the operative 
mortality during the early part of the Veterans Ad- 
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spective randomized study of patients with chronic stable angina 6 l2 I8 24 30 36 42 48 54 
pectoris). (Reproduced with permission of Read et al.5! and the 
Journal of Thoracic and Cardiovascular Surgery.) MONTHS 
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FIGURE 19. Survival curves of patients with triple vessel obstruction who were treated medically at the Cleveland Clinic (CCI Med)?^ (lower curve) 
and by the Veterans Administration group?! (VA Med) (black squares) and treated with coronary bypass surgery (Surg) at Emory University Hospital 
from June 1, 1973 to June 1, 1977) (open squares) and from June 1, 1975 to June 1, 1977 (open circles). N — number of patients. 


ministration study was much greater, as it was in many 
centers, than it is today. Accordingly, we do not believe 
that the results of that study are relevant to the work 
done at centers where the operative risk is 1 percent. 

McNeer et al.,?? in a nonrandomized but matched 
study, found a subgroup of patients with triple vessel 
obstruction, abnormal left ventricular contraction and 
normal cardiac output. The cumulative survival rate 
was 94 percent at 24 months in the group operated on 
and 75 percent in those not operated on. 

Kirklin?’ compared the survival curve of the Veterans 
Administration medically treated group of patients with 
triple vessel obstruction with the survival curve of 
persons from the general population who were matched 
for age, race and sex, constructed from data available 
in the 1974 U.S. life tables. The Veterans Administra- 
tion medical group had a cumulative survival rate of 
about 74 percent, whereas that of persons from the 
general population was 95 percent at 5 years. The 5 year 
cumulative survival rate was about 89 percent for the 
group of patients treated surgically at the University of 
Alabama compared with 95 percent for the general 
population. These data show the long-term results of 
the hospital survivors after coronary bypass grafting. 
Again, the long-term results are only slightly altered if 
a group reports a 1 percent hospital mortality rate. 

Figure 19 shows the superimposition of the survival 
curves of medically treated patients reported on by the 
Cleveland Clinic,?* medically treated patients reported 
on in the Veterans Administration study of randomized 
patients with chronic stable angina pectoris,?! patients 
in the Emory University Hospital 3 year follow-up study 
of patients who had coronary bypass surgery, and pa- 
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tients included in the Emory University Hospital results 
for the last 2 years of that study. It is highly likely that 
some patients treated medically and reported on by the 
Cleveland Clinic had unstable angina pectoris and 
others had stable angina pectoris. The majority of pa- 
tients operated on at Emory University Hospital had 
unstable angina pectoris. The patients in the Veterans 
Administration clinical trial had chronic stable angina 
pectoris, and the majority had a normal left ventricle. 
We have therefore compared the Veterans Adminis- 
tration group, which was expected to have a good 
prognosis and has been said to have had excellent 
medical treatment, with the group treated medically at 
an earlier time and reported on by the Cleveland Clinic 
and with the sicker patients who had coronary bypass 
surgery at Emory University Hospital. In this way we 
believe we are giving every advantage to the Veterans 
Administration medical group and every disadvantage 
to our own surgical group. The cumulative survival rate 
at 36 months was 70 percent in the medical group re- 
ported on by the Cleveland Clinic and 80 percent in the 
medical group of patients with chronic stable angina 
pectoris reported on by the Veterans Administration. 
Thus there was a 10 percent difference in the 36 month 
cumulative survival rate of the Veterans Administration 
patients who were treated medically and those managed 
medically at the Cleveland Clinic. If one assumes that 
the entire difference is due to improved medical man- 
agement, one is disappointed that there is only a 10 
percent difference. Follow-up to 48 months shows that 
the difference is only about 14 percent. For the Emory 
surgical group the cumulative survival rate at 36 months 
was 88 percent and, with the improved surgical tech- 
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niques of the past two years, the cumulative survival 
rate at 18 months is 93 percent. 


Double Vessel Obstruction 


Medically treated patients with 75 percent cross- 
sectional stenosis of two major vessels have a better 
survival rate than those with three vessel obstruction. 
If the left anterior descending artery is one of the in- 
volved vessels, then survival may be less than when this 
vessel is not affected. The medically treated patients 
reported on by the Cleveland Clinic?4 had a 69 percent 
cumulative survival rate at 5 years after patients clas- 
sified inoperable were excluded from the analysis (Fig. 
2). Lichtlin?? found a cumulative survival rate of 70 
percent with a wide range based on the condition of the 
left ventricle. 

Figure 20 depicts the 5 year survival curve for patients 
who received bypass surgery at Buffalo General Hos- 
pital.?? The survival curve for surgically treated patients 
can be compared with the survival curves of five series 
of medically treated patients.?6-253031 The cumulative 
survival rate for the surgical group was about 90 percent 
at 5 years compared with 63 to 65 percent in the medical 
groups. Cohn et al.?? achieved a cumulative survival rate 
of 96 percent at 4 years in patients who had bypass 
surgery for double vessel obstruction (Fig. 21). This 
compares with a 72 percent cumulative survival rate at 
4 years in the medically treated patients reported on by 
the Cleveland Clinic. The preceding studies compare 
the results of modern surgical management with the 
results of earlier medical management. Again, it should 
be obvious that medical management would have to 
improve considerably to compare favorably with sur- 
gical treatment. 

Kouchoukos et al.? recently reported the results of 
their patients who were operated on and followed up at 
the University of Alabama in Birmingham. Again, the 
patients were not randomized, but the study was per- 
formed at the same institution, and the surgically 
treated and medically treated groups were observed and 
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FIGURE 20. Survival curves of patients with double vessel obstruction 


treated with bypass surgery at the Buffalo General Hospital (BGH) (upper - 
curve) and treated medically in five series.?9-?! n = number of patients; — 


p = probability. (Reproduced with permission of Greene et al.?5) 


treated during the same time period. Figure 22 shows 
the cumulative survival curves for a group of patients 
who had coronary bypass surgery, a group of patients 
who were surgical candidates but were not operated on 
and a group of patients who had double vessel ob- 
struction but who were classified as inoperable. The 
respective cumulative survival rates at 24 months were 
93, 84 and 73 percent. The medically treated patients 
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FIGURE 21. Survival curves of pa- 
tients with double vessel coronary 
artery disease (CAD) treated with 
bypass surgery at the Peter Bent 
Brigham Hospital (PBBH) (upper 
curve) and treated medically at the 20 
Cleveland Clinic.$? Figures in pa- 
rentheses indicate number of pa- 
tients; p — probability. (Reproduced 
with permission of Cohn et al.32 and O 6 12 
The American Journal of Sur- 

gery.) 
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“FIGURE 22. Survival curves of patients with double vessel obstruction 
. who were treated and followed up at the University of Alabama. Upper 
curve, patients who had bypass surgery (surg); middle curve, patients 
_ who could have been operated on but were not (2 ves cand); lower 
E curve, patients who could not be operated on (2 ves non-cand). (Re- 
1 produced with permission of Kouchoukos et al.? and F.A. Davis Com- 
pany .) 






a classifi ed as operable but not operated on undoubtedly 
s received good medical treatment and did not fare nearly 
as well as the surgically treated group. 

Hammermeister et al?? reported the results of 
2 Eo icy and surgically treated patients in the Seattle 
—. Heart Watch. The study was a prospective one and the 
- patients were matched according to 40 variables. 
- Ninety-seven matched pairs were found. The cumula- 
Hive survival rate was much better for the surgically 
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. treated than for the MERO x de pienia, When gei x | 
_ the ejection fraction was 31 to 50 percent of normal, the — - 


patients who had coronary bypass surgery fared much 
better than the patients with a similar ejection fraction 
who were treated medically. 

Kirklin?? compared the survival curve for the Vet- 
erans Administration medically treated patients with 


double vessel obstruction with that of persons from the . - 


general population who were matched for age, race and 
sex. Such a curve can be constructed by using data from 
the 1974 U.S. life tables. The respective survival rates 
were 87 and 94 percent. In comparison, Kirklin's group 
of patients treated surgically had a cumulative 5 year 
survival rate of 93 percent. 

Figure 23 shows the superimposition of the cumula- - 
tive survival curves of medically treated patients re- 
ported on by the Cleveland Clinic, medically treated 
patients reported on in the Veterans Administration 
study of randomized patients with chronic stable angina 
pectoris, patients in the Emory University Hospital 3 
year follow-up study of patients who had coronary by- 
pass surgery and patients in the last 2 years of that 
study. It must be remembered that the patients in the 
Veterans Administration medical group were all clas- 


sified as operable and had chronic stable angina pec- 


toris, and some patients crossed over to surgical therapy 
because of unacceptable angina pectoris; in contrast, the 
Emory University Hospital surgical group included 
many patients with an ejection fraction reduced to 20 
percent and a large proportion of patients with unstable 
angina pectoris. Again, we have given every disadvan- 
tage to our own surgical group. The medically treated 
patients reported on by the Cleveland Clinic were © 
treated at an earlier time period than the patients in the 
Veterans Administration study. The cumulative sur- 
vival rate at 36 months was 82 percent in the Cleveland 
Clinic study and 88 percent in the patients with chronic 
stable angina pectoris in the Veterans Administration 
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IGURE 23. Survival curves of patients with double vessel obstruction treated medically at the Cleveland Clinic?^ (CCI. Med) (lower curve) and by 
Veterans Administration group! (VA Med) (black squares) and treated with bypass surgery (surg) at Emory University Hospital between June 
7 1973 and June 1, 1977 (open squares) and between June 1, 1975 and June 1, 1977 (open abiti N — number of patients. 








study. Thus, the difference in survival rates of these two 
. medically treated groups is only 6 percent. Follow-up 
to 48 months shows a difference of only 11 percent. The 
cumulative survival rate at 36 months was 94 percent 
for the Emory surgical group; with improved surgical 
techniques of the past 2 years, the cumulative survival 
rate at 24 months is now 97 percent. 


Single Vessel Obstruction 


The medically treated patients with single vessel 
obstruction reported on by the Cleveland Clinic?! had 
a 90 percent cumulative survival rate at 5 years (Fig. 2). 
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FIGURE 24. Five year survival curves of patients 
with single vessel obstruction of the right, left anterior 
descending or circumflex coronary artery treated 
medically (curves connected with open circles) and 
surgically (curves connected with black circles) at 
the Cleveland Clinic. '° n = number of patients. (Re- 
produced with the permission of Sheldon et al.'° and 
Progress in Cardiovascular Disease.) 
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Further examination of the group showed that the 
survival of patients with obstruction of the left anterior 
descending artery was poorer than for patients with 
obstruction of the circumflex or right coronary artery 
(Fig. 24). Figure 25 depicts the 5 year survival curve for 
patients who received bypass surgery at Buffalo General 


TG TECI A mp — ITEP Je 
Te B po? "AJ P ! T 
LR! FH. t - d . | M V. 


ALUE OF CORONARY BYPASS SURGERY—HURST ET AL. 


Hospital.?» The cumulative survival rate for this surgical - 


group was about 95 percent at five years compared with 


the cumulative survival rate of 82 to 88 percent in the 
five series of medically treated patients. 

Kouchoukos et al.? found no difference in the survival 
curves of patients treated surgically and those treated 
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L FIGURE 25. Survival curves of patients with single vessel disease who 
had bypass surgery at the Buffalo General Hospital (BGH) and of several 

series of medically treated patients.?9-?! n = number of patients. We 
thank David Greene and his colleagues?" for permitting us to reproduce 
this graph. — 


medically. Hammermeister et al.?? also found very little 


- difference in survival of the two groups when the ejec- 


tion fraction was normal. The cumulative survival rate 


was 98 percent at 4 years in the surgical group and 92 
percent in the patients treated medically. 


Kirklin et al.?? found no difference between the sur- 
vival curves of the Veterans Administration medical 
group and the University of Alabama surgical group and 
the survival curves of a group of persons from the gen- 
eral population who were matched for age, race and sex. 


Fortunately, the cumulative survival rate at 5 years was rag 


about 94 to 96 percent for both the surgically treated - 
and medically treated patients. 

Figure 26 shows the superimposition of the cumula- 
tive survival curves of medically treated patients re- 
ported on by Bruschke,?4 Brymer et al.?8 and Webster 
et al.?!; medically treated patients reported on by the 
Veterans Administration of randomized patients with 
chronic stable angina pectoris,?! patients in the Emory 
University Hospital 3 year follow-up study of patients 
with coronary bypass surgery who were operated on- 
from June 1, 1973 to June 1, 1977, and patients operated 
on in the last 2 years of that study. The cumulative 


survival rate of the two surgical groups at Emory is . 


about 98 to 99 percent; that of the groups treated 
medically and reported on by the Cleveland Clinic and 
Veterans Administration is about the same at the same ~ 
time period. The Emory surgical groups fare slightly 
better than the groups reported by Brymer?? and 
Webster?! and their co-workers. 

'To date, there is no convincing evidence that coronary 
bypass surgery will improve the long-term survival of 
patients with single vessel obstruction. However, sur- - 
gery is still indicated for patients with single vessel 


obstruction who have unacceptable angina pectoris.  . 


Patients do die of single vessel obstruction, especially 
obstruction of the left anterior descending artery, and 
infarction occurs and leads to disability although the 
patient does not die. More research is needed in this 
subset of patients. In the meantime, we agree with the 
conclusions of Abedin and Dack,?? who wrote: 


For a single left anterior descending artery bypass, a com- 
petent surgical team should be able to achieve an operative 
mortality rate of less than 196, a perioperative myocardial 


- infarction rate of less than 496 and a patency rate of the bypass 


graft of more than 9096. Provided that such low morbidity and 
mortality rates can be achieved, it is logical to anticipate that 
surgical therapy will benefit a subgroup of symptomatic pa- 
tients with an isolated proximal lesion of the left anterior 
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-. FIGURE 26. Survival curves of patients with single vessel obstruction treated medically at the Cleveland Clinic24 (CCI. Med) (lower curve) and by 
the Veterans Administration group?! (VA Med) (black squares), and treated with bypass surgery (surg) at Emory University Hospital from June 1, 
1973 to June 1, 1977 (open squares) and from June 1, 1975 to June 1, 1977 (open circles) (see text). 









descending coronary artery, without collateral vessels and with 
. normally contracting myocardium in its distribution. 


Discussion 


cat all patients who are operated on at Emory 
— University Hospital have angina pectoris, and the ma- 
E . jority of them have unstable angina. We do not delay or 
.* procrastinate when the proper mix of clinical indicators 
. is present. These indicators include the amount of 
~ symptoms, the result of the exercise test (when it is not 
- A contraindicated), the extent and location of the coro- 
nary lesions as determined with coronary arteriography, 
. the condition of the left ventricle as determined with left 
ventriculography, and the age and general health of the 
patient. We require more symptoms in older patients 
than in younger patients before recommending sur- 
gery. 
We currently perform coronary bypass surgery on 
about 750 patients each year at Emory University 
Hospital. The overall operative risk is about 1.0 percent. 
_ The operative risk in certain subsets of patients with 
= Coronary disease is about 0.5 percent. The perioperative 
infarction rate is 4 to 6 percent. Most obstructing lesions 
are bypassed, and the graft patency rate is about 90 
percent. These operative results make it possible for us 
to recommend surgical treatment in certain patients, 
whereas we would not recommend surgery for the same 
patient if the operative risk were 5 percent, the per- 

.ioperative infarction rate were 12 percent; many lesions 
were not bypassed and 25 percent of the grafts 
closed. 

Angina pectoris has been relieved or decreased in 92 
percent of our patients who have had bypass surgery. 
Sixty-three percent of patients have had total relief of 
angina pectoris, 29 percent have had less angina, 5 
percent have had the same amount as before operation 
and 3 percent have had more. 

The preceding discussion compares the outcome of 

. medically treated patients with that of surgically treated 
— patients. The subsets of patients have generally been 
identified according to the location of the obstructing 

— lesions and the status of left ventricular function. Most 

of the data reported here were derived from graphs. 
Accordingly, the figures given may vary one or two 
percentage points from the actual numbers. The sur- 
vival rate of our surgically treated patients is compared 
with the survival rate of groups given the very best 
medical treatment available. Accordingly, a comparison 
of survival is made between the Emory surgical group 
with the Veterans Administration medical group of 
patients with left main coronary arterial obstruction as 
reported by Takaro et al.*? The survival rates of patients 
- with triple, double and single vessel obstruction treated 
surgically at Emory University Hospital are compared 
with those of the angiographically matched patients 
"^ . treated medically in the Veterans Administration trial 
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as reported by Read et al.5! Because the majority of | 
patients operated on at Emory have had unstable an- 
gina pectoris and the patients in the Veterans Admin- - 
istration study had chronic stable angina pectoris, such 
a comparison should favor medical treatment. In fact, E 
the comparison favored surgical treatment for all pa- E 
tients except those with single vessel obstruction. E 
Because coronary atherosclerotic heart disease isa — — 
very serious disease and the operative mortality is now — 
about 1 percent in many medical centers, we prefer to — 
state that patients with left main coronary arterial whe : 
struction or triple or double vessel disease are more - 
likely to have their life prolonged with properly per- o 
formed bypass surgery than with medical therapy. 
McIntosh and Garcia?* came to similar conclusions but | 
stated them differently. They wrote that “. . . with the 
exception of left main coronary artery disease and 3 5 
possibly other subsets such as those with total occlusion 
of the right coronary artery and 70 percent but less than | 
total occlusion of the left anterior descending coronary 
artery, there are inadequate data to justify the MONS E: t 
that [aortocoronary bypass grafting] prolongs life.” 
From the addition of “ [possible] other subsets” to the ¥. 
group with left main disease, it is obvious that Milhtodh Jf 
and Garcia are moving toward our positive statement 
that we have adequate evidence that bypass surgery — 
prolongs the life of patients with left main coronary 
arterial obstruction and triple or double vessel ob- 
struction but do not have adequate evidence that the — t 4 
procedure is superior to medical management in pro- .— 
longing the life of patients with single vessel obstruction. — . 
The patients we subject to coronary bypass surgery are : 3 | 
patients McIntosh and Garcia place in their exceptional — | 
group, those who “... have left main coronary artery __ 
obstruction and patients such as those with total oc- ^ . 
clusion of the right coronary artery and more than 70 
percent but less than total occlusion of the left anterior 
descending coronary artery." The patients encompassed — 
by their term “such as" will include those with triple or ; 
double vessel obstruction. Most of the patients operated — 
on at Emory University Hospital have such lesions. E 
Accordingly, we do not call them exceptional. , 
It seems proper to utilize both medical and surgical — 
techniques in treating coronary atherosclerotic heart | * 
disease. There is powerful evidence that modern | P 
(especially since 1976) coronary bypass surgery relieves - 
angina pectoris and prolongs life in properly selected — E 
patients. There is powerful evidence that medical 
management (especially the proper use of propranolol) — 
decreases angina pectoris, and there is some evidence _ | 
that it prolongs life. Because coronary bypass surgery - E. 
produces its benefit by increasing coronary blood flow — 
and because propranolol produces its benefit by de- EC 
creasing the oxygen requirement of the myocardium, — 
it seems wise to use both approaches in the same care- g 4 
fully selected patients. EM 
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Influence of Myocardial Revascularization on Survival 


- Controversies in Cardiology: Part II 


Coronary bypass surgery can be performed with a low rate of morbidity 
and mortality and can successfully reduce or eliminate symptomatic 
angina pectoris. However, it is not yet clear whether the procedure 
prolongs life. A definitive answer to this question requires long-term 
prospective data on patients undergoing surgical or medical therapy who 
are comparable in degree of ventricular impairment, severity of symptoms 
and type and extent of coronary artery disease. 


As the antagonist on the issue of whether myocardial revascularization 
procedures prolong life, let me say at the outset that I hope they do, but 
the evidence has not yet convinced me that they do, except in a special 
subset of patients with ischemic heart disease. There is no question in 
my mind that modern day coronary arterial surgery can be performed 
with a low operative mortality rate and a moderately low operative rate 
of myocardial infarction. In addition, successful bypass surgery will re- 
duce or eliminate symptoms in patients suffering from angina pectoris. 
Every journal one sees contains a testimonial to this fact by one group 


or another. However, one cannot necessarily assume that a surgical 


procedure that can be performed safely is indicated or that it will prolong 
life by comparison with other types of therapy. 


Comparability of Patients 


One important aspect of studies dealing with medical and surgical 
treatment is: comparability of patients. In my view, to compare survival 
of patients with ischemic heart disease one should perform a prospective 
study of patients comparable in (1) degree of ventricular impairment, 
(2) severity of symptoms, and (3) extent of coronary artery disease. 

Comparable patients is the key phrase when comparing survival data 
or any other end point. For example, all patients undergoing coronary 
surgery are surgical candidates by definition and therefore must have 
proximal coronary arterial stenosis, patent distal vessels and acceptable 


ventricular performance. The same should be true for the medically | 


treated patients with whom they are compared. 

Ventricular function: It is generally accepted that the degree of 
permanent ventricular impairment is the most important determinant 
of survival in medically treated patients. All published data indicate that 
patients with the same degree of coronary artery disease but with dif- 
ferent degrees of ventricular impairment have different prognoses. 
Bruschke et al.,! Burgraff and Parker? and Gross et al.? have clearly 
shown that if the degree of ventricular impairment is small, survival can 
be favorably influenced in medically treated patients, even in those with 
multiple vessel coronary artery disease. Thus, it is unfair to compare 
results of modern cardiac surgery with results published in old “natural 
history" studies, many of which give no information about ventricular 
function or operability of coronary arterial vessels. In many instances 
there is no angiographic information at all. 
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iii. In addition to comparable anatomy and 


RM physiology, NO ANO Iio partant: to consider the Symp: 


tomatic state of the patient when assessing results of 
medical and surgical therapy. Most clinicians agree that 
. patients with ischemic heart disease who are receiving 
intensive medical therapy but continue to have mod- 
erate or severe angina should be offered coronary bypass 
surgery. Relief of symptoms after surgery is astounding 
in this group of patients. However, there is no medical 


control group to compare with the surgical group be- _ 


cause no one is willing to withhold symptomatic relief 
from these patients to test the hypothesis that surgery 
prolongs life. 'T'hus, in my view, this is not the group that 
needs to be tested. To examine whether surgery does 
prolong life, patients with controlled or mild ischemic 
symptoms should be the group considered for surgery, 
- because these are the patients in whom a therapeutic 


—  €hoice exists. So far, all of the random trials for stable 


angina and unstable angina compare surgical therapy 
with medically “controlled” patients. 

Type of coronary artery disease: When comparing 
the effect of medical or surgical therapy on survival of 
patients with ischemic heart disease, one must further 
consider the extent, location and severity of coronary 
artery disease and their effects on prognosis. For ex- 
ample, the prognosis in the subset of symptomatic pa- 
tients with left main coronary artery disease may differ 
from that of symptomatic patients with multiple or 
_ single vessel disease affecting other arteries. 

Most will agree that data in the Veterans Adminis- 
tration Cooperative Trial indicates that surgery prob- 
ably prolongs life in patients with angina pectoris re- 
sulting from left main coronary stenosis.^ This study 
compares the survival data of 44 surgically treated and 
46 medically treated patients and shows that the 4 year 
cumulative survival rate of 90 patients with left main 
coronary artery disease was significantly better in the 
surgically treated group. Thus, at present, surgery is the 
therapy of choice in this subset of patients with ischemic 
heart disease. Interestingly, some persons who support 
this interpretation of the Veterans Administration data 
fail to support the same group's observation that surgery 
does not necessarily prolong life in patients with 
symptomatic coronary artery disease that does not in- 
volve the left main coronary artery. I am not entirely 
clear why this should be the case. 

All *natural history studies," random or otherwise, 
indicate that patients with ischemic heart disease sec- 
ondary to single vessel coronary artery disease have a 
much better prognosis than patients with multiple 
vessel involvement.?4-6 In this subset of patients with 
ischemic heart disease, the data indicate that medical 
therapy is as good as surgical therapy when survival is 
considered the sole end point. 

Multivessel disease: The prognosis in the third 
subset of patients with ischemic heart disease, symp- 
tomatic patients with multiple vessel disease, is less well 
defined than in the previous two subsets. This is the 
group in whom the clinical decision for medical or sur- 
gical therapy stirs up the most controversy. However, 
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current data available in all of the trials on stable an- — 
gina, in which comparable patients received medicalor | 


` surgical therapy, indicate that there is no significant — — 


difference in the mortality at this point in the follow-up 
period. However, a significant difference in survival may — | 
emerge after several more years. The data obtained from  - 
the trials on stable angina are remarkably similar tothe _ 
survival data obtained in the random trial for unstable ~ 1 
angina, but the length of follow-up in both studies has - 
been short, and a much longer period of assessment is — d 
required. Data published in the random trial reported 
by Bertolasi et al.’ show a subgroup of patients with — 3 
“progressive angina" whose survival is the same with — - 
medical or surgical therapy at 32 months. | 5 a 
Gross et al.? have recently provided reassurance that | T 
many patients rejected for operations and treated 
medically have a low mortality rate and can lead pro- d 4 
ductive lives. Their data indicate that survival at 36 - ae 
months is significantly greater in patients with an - 
ejection fraction of more than 35 percent than in pa- — 3 3 4 
tients with a smaller ejection fraction, regardless of the — 
degree of coronary vessel involvement. M 
Comparisons with survival data in normal pop- p 
ulation: In recent months it has become fashionable to -3 
compare surgical results in selected surgical centers — g 
with actuarial survival curves taken from the “normal 
population." It is impressive to see that in some centers 
survival curves of patients undergoing coronary surgery —_ 
can almost be superimposed on those of the normal 
population at 4 and 5 years of follow-up. Several points 
have to be considered when making this type of com- - 
parison. First, the normal population contains many  . 
patients with a serious life-threatening illness (cancer 
of the lung, renal disease, hypertension, for example). P 
In addition, it includes all of the patients who die sud- — . 
denly, presumably as a result of ischemic heart disease. — 
Patients who undergo cardiac surgery are selected from — 
that patient population because they do not have life- C 
threatening disease and in most instances have notex- 
perienced sudden near-death. It is known that most  . 
insurance companies are unwilling to recognize coronary 
surgery as a method of prolonging life at this time. After — 
coronary bypass surgery patients pay the same insur- — 1 
ance premiums as their medically treated counterparts — 
with ischemic heart disease. Insurance companies argue _ 
that the current data base is too small to be statistically “a 
valid; that is, one cannot compare hundreds or thou- . 
sands of patients undergoing operations with millions — 
of the normal population. In addition, the insurance - 3 
companies indicate that the evaluation of actuarial ta- | 
bles at age 50 requires up to 10 years of follow-up in- E 
formation to be statistically valid. In other words, ade- b 
quate data are not yet available. He 
Although this method of analysis of survival data is _ E 
interesting and may prove to be useful, it has not yet — 
come of age. Perhaps if we could establish a national - U- 
registry for all patients undergoing coronary bypass a 
surgery, we might be able to determine our national - 1 
mortality from coronary arterial surgery and compare - d 


that with actuarial tables from insurance companies. E 
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Conclusions 

In summary, I have tried to make the point that 
prognosis is different in different subsets of patients 
with ischemic heart disease. Thus, a prospective long- 
term study of comparable patients is necessary if 
meaningful data are to be obtained to answer the im- 
portant question of whether myocardial revascular- 
ization prolongs life. Long-term, hard survival data 
comparing coronary surgery with medical therapy in 
comparable patients are not yet available. A few ran- 
domized studies to date have demonstrated no differ- 
ence in survival between medically and surgically 
treated patients with single or multiple vessel disease. 
A significant improvement in survival has been shown 
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for surgically treated patients with left main stem dis- 
ease in a controlled study with a small number of pa- 
tients. Uncontrolled studies have reported that patients 
with multiple vessel disease have improved survival 
with bypass surgery. This conclusion is not yet sup- - 
ported by the information available from published 
reports on controlled trials, although a longer follow-up 
period is required to fully evaluate the data. 

Finally, I think it is well worth remembering that 
coronary bypass surgery does not exclude patients from 
continued medical therapy. Life-long medical care of 
all surgical patients is necessary and, if optimal medical 
therapy is continued after surgery, it should have a fa- 
vorable influence on long-term surgical results. 
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... VETERANS ADMINISTRATION COOPERATIVE STUDY 
. OF SURGERY FOR CORONARY ARTERIAL OCCLUSIVE 


Z DISEASE—I 


We participated in the Veterans Administration cooperative 
study of surgery for coronary arterial occlusive disease for 
several years. It is a well designed and well performed study. 


| | — However, it does not support the statement that “preliminary 
analysis of the data does not indicate that coronary arterial 
- surgery improves survival in patients with single, double or 


triple vessel coronary artery disease and normal ventricular 


—. function."! 


. . This study should be carefully intrepreted in the light of the 
-. selection process. The patients are preselected by their eligi- 


bility for Veterans Administration care and further selected 


. by the rigid requirements of the study. A more accurate 
= statement of the conclusions of this study is “preliminary 
- analysis of the data does not indicate that coronary arterial 


= surgery improves survival in men eligible for Veterans Ad- 


‘ministration care with stable angina for greater than 6 


months. . .etc." These characteristics of the study population 
were acknowledged by the authors, although they considered 


the patient group to be similar to the group studied by 


McNeer et al.? at Duke University. 
After we dropped out of the Veterans Administration study, 
we were responsible for two parallel open heart surgery pro- 


- grams, one at Wadsworth Veterans Administration Hospital 


and the other in a local community hospital. We have con- 
tinued to follow up all patients carefully at 6 to 12 month in- 
tervals after surgery. Significant differences do exist between 
Veterans Administration and community hospital patients, 
both in preoperative characteristics and postoperative sub- 
jective response to surgery.? However, survival statistics from 
the surgically treated group at Wadsworth Veterans Admin- 


istration Hospital during the years covered by the cooperative 


study (1972-1974) reveal a 2 year survival rate of 98 percent 


2 - for all patients with three vessel disease (48 percent had ab- 


normalities of left ventricular function). This figure compares 
favorably with the 90 percent 2 year survival rate for patients 


| - — with three vessel disease and normal left ventricular function 


in the medically treated group in the Veterans Administration 
cooperative study. We dropped out of the cooperative study 


-~ in part because it was clear to us that surgical care was not as 
. carefully standardized as was medical care within the study 


~ group—perhaps in part because techniques were still evolving 


(indeed, rerandomization was begun in 1972 because of the 


— high surgical mortality rate before that time). We do not be- 


lieve that the surgical results of the Veterans Administration 
cooperative study are truly representative and believe that 
our results at Wadsworth over the same period support this 
conclusion. 

. The Veterans Administration cooperative study has merit 


| . asastudy of the natural history of a highly selected group of 
- men with chronic stable angina. Any conclusions regarding 


the merits of properly performed coronary bypass surgery in 
the population at large should be interpreted with extreme 


caution. 





Joseph S. Carey, MD 
. . Chief, Thoracic and Cardiovascular Surgery 
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The major points of Carey and Cukingnan can be summarized 
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. Carey JS, Cukingnan RA: Subjective multivariable analysis for follow-up of coronary 


a ty 
e. 


“we 
ud 


as follows: (1) They are concerned that the results of our study x 


should be interpreted as applicable only to patients who fulfill — 
the entry requirements of the Veterans Administration study. — e 
(2) They have observed significant differences between Vet- - iJ 
erans Admistration and community hospital patients. (3)  . 
They challenge our preliminary results on lack of improved — 
survival after surgery in the “low risk” group. (4) They state — 


that poor standardization of surgery in the study prompted 


them to drop out of the collaborative study. 


d 


It is plainly stated in our Discussion that the Veterans - A 


Administration randomized study population is “not con- — - 


sidered a random sample of men with stable angina pectoris. —— 


" 


The patients were selected by: (1) their status as veterans, (2): 35 
their motivation and willingness to participate in the study, — x 
and (3) their ability to satisfy the comprehensive screening, — 
arteriographic and inclusion criteria described." In spite of 5 

this, comparison of age, cardiovascular history, electrocar- 

diographic and angiographic characteristics at entry indicated 
a remarkable similarity between the medical status of these — 


patients and patients in the Duke study. 
The comment on the significant 


differences between 


Wadsworth Veterans Administration and community hospital _ 
patients found by Carey and Cukingnan! refers to subjective 
reporting on improvement in symptoms after bypass surgery. 
This finding has no relevance to our present paper. Although — 
the Wadsworth Veterans Administration patients reported . 
not feeling as improved as the subjects in the community — 


hospital following surgery, it remains to be proved that the — 


surgical results were different by objective measures also. . 
Most important, no evidence is given that these two groups 


of patients were comparable before surgery. 


- 


The 98 percent 2 year survival rate of the surgical patients 
in the Wadsworth Veterans Administration Hospital with — | 
three vessel disease is probably not different statistically (at — 
an alpha = 0.05) from the 90 percent 2 yearsurvivalrateofthe — 


medical patients with three vessel disease and normal left — 
ventricular function in the randomized Veterans Adminis- y 
tration study. The randomized study had only 37 patients in ? 
that subgroup and the sample size for the Wadsworth Veter- - 
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ans Administration Hospital, although not sion. could not |.. 100 | 
have exceeded 50 patients because the entire 1972-74 cohort UEM MUNI A *0.003 
in the two Los Angeles hospitals consisted of only 188 pa- O^*0.004 


4 420.007 


tients. 

The statement that the Wadsworth Veterans Administra- 
tion Hospital dropped out of the Cooperative Study because 
the surgical care was less carefully standardized than the 
. medical regimen does not correspond to our records. A com- 
. munication from the hospital to the Cooperative Study Co- 
— Chairman in March 1972 stated that disruption of facilities 
32 bind personnel that followed “‘a natural disaster" made it im- 
E - possible to continue the careful follow-up procedures required 

by the Cooperative Study protocol. (Only seven patients had 
_ been entered into the study up to that time.) 
The criteria for performing the surgical procedures were 
| carefully outlined in the study protocol. In addition, to ensure 
- standardization of the surgical procedures a 2 day seminar was 
. held at the Cleveland Clinic in May 1971 for all participating 
E: . surgeons. The 5.6 percent overall 30 day hospital mortality 
_ rate after surgery for the years 1972-74, is not worse than what 
* is A aegre from many other institutions?-4 for that time pe- 
ri Ay 
E We agree with Carey and Cukingnan about the important 
effect that quality of surgery has on the treatment results. This 
_ is why we report on medical-surgical comparisons only for 
| those EN who entered the study between 1972-74. 
. Katherine M. Detre, MD, Dr PH 
. . Herbert Hultgren, MD, FACC 
. Timothy Takaro, MD 
Cooperative Studies Program Coordinating Center 
Veterans Administration Hospital 
West Haven, Connecticut 
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Carey JS, Cukingnan RA: Subjective multivariable analysis for follow-up of coronary 

artery bypass. Arch Surg 111:769-772, 1976 

Mathur VS, Guinn GA: Prospective randomized study of coronary bypass surgery in stable 

angina: the first 100 patients. Circulation 51, 52: Suppl I:I-133-1- 140, 1975 

Conley MJ, Wechsler AS, Anderson RW, et al: The relationship of patient selection 

on prognosis following aortocoronary bypass. Circulation 55:158- 163, 1977 

Bolooki H, Thurer RJ, Ghahramani A, et al.: Objective assessment of aortocoronary 
bypass operation. Surgery 76:925-934, 1974 
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. VETERANS ADMINISTRATION COOPERATIVE STUDY 
: Mt SURGERY FOR CORONARY ARTERIAL OCCLUSIVE 
DISEASE—!II 


m |. Of particular interest to us in the report of the Veterans Ad- 
E ‘ministration cooperative study was the shape of the survival 
.. curve for those patients with obstruction of the left main 
— coronary artery. We have taken the liberty of redrawing Figure 
— 8ofthat report with the percent survival on a logarithmic scale 
(our Fig. 1) and subjecting the resultant curves to exponential 
E analysis. It is apparent from our figure that, with the exception 
- of left main coronary disease, the survival curves are consistent 
with single exponentials having 50 percent survival times of 
17.5 years, 13.8 years and 8.5 years for the “low risk," “all 
patients" and “high risk" groups, respectively. These figures 
would correspond to respective annual mortality rates of ap- 
. proximately 3, 5 and 9 percent. 
However, the survival curve for those with left main coro- 
. nary artery disease is best described by two exponentials 
. rather than one. On the basis of this analysis, 75 percent of the 
= patients in this group would adhere to an exponential with a 
-half-time of 12 years (annual mortality rate 5.6 percent). This 


E 


"^ 
Kc 
E: 
p" 
he? 


FRE 


rate does not differ significantly from that derived from “all 
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FIGURE 1. Survival data for patients with coronary disease, redrawn on a logarithmic scale 
from the data in Figure 3 of the report of the Veterans Administration Cooperative Study. 
Lines represent survival data for low risk (closed circles), all patients (open circles), high 
risk (closed triangle) and left main coronary disease (open squares) groups, respectively. 
A subgroup of the patients with left main coronary disease, calculated using the technique 
of exponential analysis from the data in the Veterans Administration report, is also shown 
(closed squares). The corresponding rate constants (A) in months" !, from top down, 
represent 50 percent survival times of 17.5 years, 13.8 years, 8.5 years, 12 years and 3.3 
months. 


patients." À much smaller group, 25 percent, is described by 
an exponential that defines a much worse prognosis, having 
a 50 percent mortality rate at only 0.27 years. 

Although the use of exponential analysis for these data may 
be questioned, it does provide an explanation for the peculiar 
shape of the curve for left main coronary artery disease. Al- 
though this analysis was carried out on only a small number 
of patients, the data suggest at least two possible explana- 
tions: 

1. Patients with left main coronary artery disease do not 
form a homogeneous group but consist of two subgroups at the 
time of angiography. 

2. These patients constitute a homogeneous prognostically 
defined group, and the early high mortality rate reflects 
catheter-related deaths due to an acceleration in the occlusive 
process secondary to damage to the left main coronary artery 
during the procedure. 

If the first explanation is true, then the majority (75 per- 
cent) of patients with left main coronary artery disease have 
a prognosis with medical management not significantly dif- 
ferent from that of the mean of all patients with angina (only 
a 5.6 percent annual mortality rate). Only a small group (25 
percent) would appear to have a very bad prognosis. We ask, 
therefore, if there is a subgroup among patients with left main 
coronary disease that requires further definition. If this in- 
terpretation is correct, the need for early surgical intervention 
in all patients with left main disease may not be justified on 
the basis of angiographic criteria alone. 
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- The second explanation— which, if correct, would con- — 


traindicate angiography in these patients, might be clarified 
- by detailed study of mortality data during the first 6 months 
after study, including autopsy reports. 
— — We believe that these points require clarification before one 
X ean confidently recommend study of all patients with coronary 
— heart disease and assignment of all patients with left main 
coronary disease to surgical management. 

David McCall, MD 

Arnold M. Katz, MD, FACC 

Division of Cardiology 

University of Connecticut Health Center 

School of Medicine 

Farmington, Connecticut 


REPLY 


- McCall and Katz raise the point that while the survival curves 
for all patients and for high and low risk patients without 
significant left main coronary arterial lesions in our Figure 3 
fitted single exponential models, the survival curve of the 
_ patients with left main coronary artery disease was estimated 
- to consist of a 3:1 mixture of two kinds of patients—one with 
a prognosis similar to that of all patients, with a median sur- 
vival of 12 years, and a smaller group, with a very poor prog- 
nosis, having only a 3 month median survival time. 

Although it is easy to see how these estimates were obtained 
by fitting two rather than one exponential survival models for 
the survival data of patients with left main coronary artery 
disease in our Figure 3, the most important scientific and 
practical questions still would be which, if any, clinical and 
angiographic entities would correspond to these extreme 
components? 

Through extensive analyses, we were able to identify several 
subgroups of the total group with left main coronary artery 
disease which were at widely different risk of mortality. For 
example, Figure 4 shows in our report the survival of the pa- 
tients with left main coronary artery disease with and without 
some left ventricular function abnormality. While the two 
survival rates are significantly different, survival in the 
subgroup with the better prognosis is still less than that of “all 
patients." A more extreme dichotomy can be obtained by 
adding the constraint of an ejection fraction of less than 50 
percent which yields a small group of 15 patients whose me- 
dian survival is 10 months. Compared with the results for all 
patients, the remaining patients are still at higher risk. 

The estimated annual mortality rates and the median 
survival times of the decomposed group with left main coro- 
nary disease obtained by McCall and Katz are far from pre- 
cise, as they are based on the observed survival rates of the 
small group with left main coronary disease (for example, 1 
year survival rate and standard errors are 0.71 +0.06). This 
being the case, the decomposed curves correspond quite well 
with the survival experience described in our earlier report! 
of the groups with left main coronary disease with an ejection 
fraction below or above 50 percent. 

On the basis of all findings we agree with the first expla- 
nation of McCall and Katz, that the patients with left main 
coronary disease do not form a homogeneous group. (However, 
- apparently single exponentials can also be generated by het- 
erogeneous patient groups, as indicated by the curve for all 
patients in our Figure 3, which is the composite of all the other 
curves in the figure.) Their second explanation is interesting, 
but even if catheter-related acceleration of the occlusive 
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process were a real possibility in left main coronary disease, 
how would one know whom to protect from angiography, as 


long as angiography is the primary method of diagnosing the | 


disease? 
Katherine M. Detre, MD, Dr PH 
Herbert N. Hultgren, MD, FACC- 
Timothy Takaro, MD | 
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CONGESTIVE HEART FAILURE, 
CARDIOMEGALY AND EMBOLISM 
IN ISCHEMIC HEART DISEASE 


Like an earlier pathologic study by Aberg! showing a toli" 
between atrial fibrillation due to ischemic heart disease and — 
systemic embolism, the recent study by Hinton et al.? failed - 
to assess the independent roles of heart size and congestive - 
failure. Can the authors tell us what the relation was between | 
the presence of cardiomegaly or congestive failure, or both, 


and the presence of embolism in their patients with liii A 


disease? 
William P. Hood, Jr., MD, FACC 
Department of Medicine 
Division of Cardiology 
The Medical Center 
The University of Alabama in Birmingham 
Birmingham, Alabama 
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The incidence rate of congestive heart failure in patients with — 


ischemic heart disease (our Table IIT) was approximately the : 4 


same in those with atrial fibrillation (4 percent having severe, — 
21 percent slight or moderate congestive heart failure) as in $ y 


those without atrial fibrillation (3 percent having severe, 28 — 
percent slight or moderate heart failure), yet the incidence rate - 


of embolism was 35 percent in those with and 7 percent in P 


those without fibrillation. Congestive heart failure therefore 
appeared not to be a factor in the embolism. Heart size as such 


was not compared i in the two groups with ischemic heart dis- 


ease but, in the absence of valve disease, it should reflect the — 


incidence of congestive heart failure and hypertension, and — 


the latter was the same in the two groups. We reviewed our | 
data on left ventricular hypertrophy (defined as left ventric- | 


ular wall thickness of 14 mm or greater) and found this slo. 2s 


to be roughly equal in these two groups with ischemic heart - 


disease (86 percent of those with and 84 percent of those — 


without atrial fibrillation). 
Richard C. Hinton, MD 
Department of Neurology 
Massachusetts General Hospital - 
Boston, Massachusetts 
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Leonard S. Dreifus, MD, FACC 


From its inception the American College 
of Cardiology has sponsorec excellence 
in education and in the delivery of health 
care. As a result of continued growth and 
recognition, the College has become the 
. principal spokesman for the cardiovas- 
cular specialist. This has mandated a rapid 
expansion in membership services. The 
diversity of our committees, task forces 
and activities brings into sharp focus the 
total involvement of the College and its 
members in the medical community. 
The several goals and objectives 
adopted recently by the College mem- 
bership, the Governors, Board of Trustees 
and Officers mandated that we become 
involved in the socioeconomic and regu- 
latory affairs of our country in the interest 
of our membership, as well as patients. 
Initially the College assumed a low profile 
in these areas. In recent years we have 
been invited to play the role of consultants 
to various branches of government and to 
the health industry. Our counsel has al- 
ways reflected well reasoned opinion in 
the best interest of cardiovascular care. 
Within the past 3 years, the flurry of 
government interventions into the health 


President's Page: 
Membership Services 


care field has obligated the Board of 
Trustees and Officers of the College to 
respond promptly in every responsible 
way to the issues crucial to our member- 
ship. It is therefore relevant that | present 
an update of our activities with regard to 
federal health legislation and executive 
action. These issues, in my opinion, are 
of extreme importance to the membership 
of the College, and | urge every member 
to become knowledgeable about them 
and their far-reaching implications. 

For example, the Department of Health, 
Education, and Welfare has recom- 
mended specific criteria for selected 
surgical procedures (including coronary 
arteriography) to the Professional Stan- 
dards Review Organization (PSRO) 
Council. The Council has adopted these 
criteria, and the Bureau of Health Stan- 
dards and Quality, Health Care Financing 
Administration has now instructed all 
PSROs to consider these criteria for 
screening patient care. The Bureau clearly 
states that these criteria are for subse- 
quent physician review and do not con- 
stitute standards of care. The College is 
extremely concerned, however, that the 
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exclusion criteria might actually be in- 
terpreted as mandatory criteria that would 
have the force of law. 

The College has objected to the criteria 
that would permit coronary arteriography 
only for patients who are possible candi- 
dates for surgical revascularization. It has 
indicated that the best interest of patients 
is not served by excluding the use of 
coronary arteriography to evaluate the 
prognosis of patients who will not be 
candidates for surgical revascularization, 
assess new cases of uncomplicated an- 
gina or further examine asymptomatic 
patients with a positive stress electro- 
cardiogram. It considers that there are 
certain circumstances in which coronary 
arteriography would be indicated: (1) in 
patients without a clear prognosis; (2) in 
patients with angina with a particularly 
impressive stress test; and (3) (rarely) in 
asymptomatic persons with a particularly 
impressive electrocardiographic response 
to stress. Furthermore, the College con- 
siders it unreasonable to administer large 
doses of beta blocking agents and long- 
acting nitrates to a patient who does not 
have a clearly established diagnosis of 





ire angina. It also believes it unjustifiable to 


insist on a 3 week waiting period with in- 
- tensive medical therapy before angiog- 
- raphy can be performed in a patient with 
. unstable or accelerating angina. 

It is abundantly clear that the publica- 
tion of criteria sets for mandating car- 
. diovascular care will not stop here. The 
. College must be in a position to respond 
- quickly and effectively to these recom- 


mendations and regulations whenever 


they appear. 


The Cardiovascular Norms Committee 
of the College has been particularly active 
in identifying optimal indications and 


standards for cardiovascular care. These 


must continually be updated to respond to 


-the many inquiries of the federal agencies 
when indications and reimbursement de- 


cisions become an issue. Certain of the 


Interspecialty Advisory reports (such as 
those of the Inter-Society Commission for 


Heart Disease Resources [ICHD]) need 


- immediate updating, and the College must 


play a major role in this process. 
Through our Government Relations 
Committee and the prudent counsel of our 
legislative attorney, Raymond D.,Cotton, 
Esq., the College has been extremely 
active in the following legislative areas: 


l. Legislative Services 


A. Appropriations for the National 
Heart, Lung, and Blood Institute. 

The College has testified annually on 
appropriations for this vital Institute and, 
in so doing, has seen a 60 percent in- 
crease in federal funding of the Institute. 
At the same time, the College has devel- 
oped an excellent rapport with the Insti- 
tute, and with the House and Senate 
Labor-HEW Appropriations Subcom- 
mittees. 

B. Appropriations for the National Li- 

brary of Medicine. 

The College has testified annually on 
appropriations for this important institu- 
tion. 

C. Extension of Authorizations for the 
National Heart, Lung, and Blood In- 
stitute. 

For each of the last several years, the 
legal operating authorities of the National 
Heart, Lung, and Blood Institute have been 
scheduled to expire at the close of each 
fiscal year. The College has been called 
upon to testify, and to urge that these au- 
thorizations be sufficiently high to provide 


-for expanded cardiovascular research and 








training opportunities and to stress the 


need for lengthier authorization extension — 


periods. 

D. Medical Device Amendments. 

The College testified before and 
worked closely with both the Rogers and 
Kennedy Health Subcommittees in 1975 
and 1976 to assure passage of a Medical 
Devices law that would regulate, but not 
impede, the scientific investigation of new 
devices. 

E. Health Manpower Legislation. 

Throughout 1975 and 1976, the College 
communicated its views to the pertinent 
Health Subcommittees regarding the im- 
pact of the Health manpower legislation 
on cardiovascular manpower and con- 
tinuing medical education programs. 

F. National Institutes of Health Direc- 

tors’ Salaries. 

The College testified in 1976 and urged 
that the salaries of the Directors of the 
National Institutes of Health be substan- 
tially increased so as to encourage highly 
trained scholars and researchers to em- 
brace these positions. The College posi- 
tion was adopted the following year by 
Congress. 

G. Federal Trade Commission Act 

Amendments. 

In 1977, Congress considered legisla- 
tion that would have rendered nonprofit 
organizations, such as the College, 
subject to the jurisdiction of the Federal 
Trade Commission. The College, in its 
Congressional correspondence, noted 
that to subject such organizations to this 
jurisdiction and to the sanctions that it 
might have imposed (up to $10,000 per 
day fines) could have a devastating impact 
on the structure and the very existence of 
many nonprofit organizations. The noted 
amendment was subsequently eliminated 
from the legislation. 

H. Senate Nutrition Committee. 

Although the College position did not 
prevail, the College made efforts to urge 
Congress to extend, through 1978, the 
existence of the Senate Select Commit- 
tee on Nutrition and Human Needs. 

|. Pending Issues. 

The Government Relations Committee 
and Mr. Cotton are currently in the pro- 
cess of delineating those issues raised by 
pending legislation that could have impact 
on the interests of the College. Appro- 
priate correspondence or testimony to the 
following bills include: S.2755, which 
would overhaul the Federal Food, Drug 
and Cosmetic Act; S.2410, which would 
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| establish a National Institute of Health - 


Care Research. 


M. Federal Agency Services 
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It is mandatory that the College re- - 
search, monitor and analyze important 


federal health agency activities and render — 


advice on applicable programs, grants, — 
procedures, contracts, rules and regula- — - 
tions. Reports and analyses, together with E 
suggestions for action, are made to the 
College by our legal counsel. In recent — 
years, the College has represented the - a 


interests of the membership by submitting - 


È . 
oy 


to federal agencies formal ''comments" — 
on particular issues. Advice has also been E. 
provided directly to federal health program 


ean + 


officials. The following are a few exam- 
ples: 
A. National Guidelines for Health. 


Planning. 
In September 1977, the Health Re- 
sources Administration (HRA) published, 


ay 
‘und 
"m. 


* i 


pursuant to the health planning law (P.L. - 
93-64 1), proposed guidelines tesis : 


institutional open heart surgery and car- | 
diac catheterization unit services. The - 
College submitted detailed comments on 
a number of issues raised by these - 
guidelines. HRA then published a aA 


set of proposed guidelines, to which the 3 
College also submitted comments. The - 


final National Guidelines for Health Plan- 4 


ning, published in March 1978, embodied — 
several of the suggestions raised by the 
College’s document. 

B. Medical Devices. 

In August 1976, the Federal Food ada 


; 
F 


Drug Administration published proposed 

regulations governing Investigational r j 
Device Exemptions. The College sube 
mitted formal comments delineating the ` 
manner in which these regulations would : 


hinder investigation of medical devices. | 
. C. Ultrasound. 

For the last several years, the College - 
has been monitoring the extent to which - 


the federal government reimburses fora s 
ultrasonographic procedures epte 


on Medicare patients. At present, Medi - 
care pays 80 percent of the reasonable © 
charge whether the procedure is per- - 
formed by a radiologist or a cardiologist. 
The radiology lobby has perennially urged 


» 
S ^ 
d 


that the policy be changed to allow 100 - E: | 
percent reimbursement for such proces p. 


dures performed by a radiologist. The — 


College, in working closely with the Social | "n 


Security Administration, has thus far been - 
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able to stave off this inequitable change 


in policy. 
D. Sponsors and Monitors of Drug 
Studies. 
. In September 1977, the Food and Drug 
Administration published proposed reg- 


 ulations governing “The Obligations of 


Sponsors and Monitors of Clinical Inves- 
tigations." The College, as part of the 


American College of Cardiology— 


American Heart Association Joint Advi- 


. sory Committee on Cardiovascular Drugs, 


submitted comments to the Food and Drug 


_ Administration suggesting amendments 
. . to the proposed regulations that would 
impose less on the academic freedom of 
investigators. 


E. Nonclinical Laboratory Studies. 
The College also submitted comments 
in March 1977 in response to the publi- 
cation of proposed rules governing ''Good 
Laboratory Practice in Nonclinical Labo- 


. ratory Studies.” Final regulations have not 
. yet been republished. 






F. Comments to the Board of Motor 
Carrier Safety. 

In 1977, the College submitted com- 
ments to the Board of Motor Carrier 
Safety, Federal Highway Administration 
urging amendment to proposed rules 
governing the licensure of truck drivers 
with a history of cardiovascular dis- 
ease. 

G. Pending Issues. 

New sets of National Guidelines for 
Health Planning will be promulgated in the 
coming months and will probably be de- 
serving of College review and comment. 
"|nterim-Final Regulations" regarding 
Investigational Device Exemptions have 
been published, and formal comments are 
being prepared. The Medicare Bureau 
may, in the coming months, publish pro- 
posed regulations governing changes in 
reimbursement policy for ultrasonic pro- 
cedures. The College will be meeting with 
Medicare officials before that time and will 
submit formal comments, if necessary. 


28th ANNUAL SCIENTIFIC SESSION 






Future Directions 


if the College is truly to serve its 
members, we must become actively in- 
volved in all phases of our health care 
delivery system and the federal regulatory 
agencies that could compromise our 
professional effectiveness. The respon- 
sible opinion of the College has been 
extremely influential in the delivery of 
cardiovascular care in this country. In the 
future, the College must deal with the 
questions of training, manpower, licen- 
sure, certification, standards and reim- 
bursement. | urge all members of the 
College to become knowledgeable and 
involved in the socioeconomic affairs of 
health care and to offer their imaginative 
comments as we shape future policies of 
our College. 


Leonard S. Dreifus, MD, FACC 
President 
American College of Cardiology - 


AMERICAN COLLEGE OF CARDIOLOGY 
Miami Beach, Florida 


e Abstracts 


Entries must be postmarked no later than September 18, 1978 


e Technical Exhibits 
Deadline for requests for space: October 2, 1978 


e Scientific Exhibits 


Deadline for requests for space: October 2, 1978 


e Young Investigators’ Awards Competition 


Entries must be postmarked no later than November 1, 1978 


March 11-15, 1979 


For application forms, write Patrick A. Ziarnik, Director, Annual Scientific Session Department, Amerícan College 


of Cardiology, Heart House, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 
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: New Members 


The following individuals were elected to 

.* membership in the American College of Car- 

.. diology on March 5, 1978 in the category in- 
dicated. 


FELLOWSHIP 


CADIGAN, Robert A., MD, Washington, DC 
DIENEL, Nicholas Hans, MD, Medford, OR 
DONOHUE, Dennis J., MD, Washington, DC 
FELTER, Harold George, Jr., MD, Ft. Sam 


Houston, TX 

HERRON, Robert Thomas, DO, St. Louis, 
MO 

HOROWITZ, Leonard N., MD, Philadelphia, 
PA 

LOGSDON, John Robert, MD, Ft. Sam Houston, 
+ 


MADDOUX, Gerry L., MD, Albuquerque, NM 

RAPHAEL, Lawrence David, MD, CM, San 
Bernardino, CA 

SCHWARTZ, Michael A., MD, Lynn, MA 


ADVANCE TO FELLOWSHIP 


KLUGE, Wolfgang F., MD, Seattle, WA 


The following individuals were elected to 
membership in the American College of Car- 
diology on May 25, 1978 in the category indi- 
cated. 


FELLOWSHIP 


ABEDIN, Zainul, MBBS, Champaign, IL 
ALAM, Samir E., MD, New York, NY 
ALEXANDER, James A., MD, Gainesville, FL 
ALTSCHULER, Harold, MD, Ft. Lauderdale, 
FL 
ANSELMO, Paul J., MD, Los Angeles, CA 
ASAPH, James W., MD, Portland, OR 
BARATTA, Frank G., MD, Ft. Lauderdale, FL 
BHARADWAJ, Baikunth B., MBBS, Saskatoon, 
Canada 
BLAIS, Robert E., MD, Ft. Lauderdale, FL 
BLOOD, David K., MD, New York, NY 
BORER, Jeffrey S., MD, Bethesda, MD 
BORKAT, Gordon, MD, Cleveland, OH 
BRAMOWITZ, Alan D., MD, Pittsburgh, PA 
BROWN, Patrick L., MD, Huntington, WV 
CANDELA, Richard J., MD, Columbus, OH 
CANTOR, Stephen A., MBBS, Oakland, CA 
CHANIOTIS, Lambros, MD, Pointe-Claire, 
Canada 
CHIOTELLIS, Philip N., MD, Hyannis, MA 
. CHUNG, George Kau Jai, MD, Honolulu, HI 
COHEN, Howard A., MD, Bethesda, MD 
COHEN, Howard L., MD, Huntington, NY 
COWLEY, Michael J., MD, Richmond, VA 
CUMMINS, Frank E., MD, Milwaukee, WI 
. DASHKOFF, Neil, MD, Buffalo, NY 
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DICKINSON, William A., Jr., MD, Virginia 
Beach, VA 

DOROSTI, Khosrow, MD, Cleveland, OH 

DOSHI, Ashokkumar M., MBBS, Chicago, IL 

DREWS, John A., MD, Orange, CA 

FISHER, Gary P., MD, Chevy Chase, MD 

FRANCIS, Charles K., MD, Hartford, CT 

FRIEDEMAN, Sanford J., MD, New York, NY 
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CALENDAR OF EXTRAMURAL PROGRAMS 


The aim of each program is to increase the 
theoretical and practical knowledge of the 
normal and abnormal function of the cardio- 
vascular system in man. Most of the programs 
are pertinent to direct care of patients with 
heart disease. The need for such programs 
increases with the ever increasing amount of 
scientific and clinical data, the constant 
changes in technology and methodology, and 
the greater availability of therapeutic options. 
Today most cardiologists, internists and family 
practitioners feel the need of supplementing 
their professional reading by direct contact 
with the authors, research workers and leaders 
in the field. 
To solve these problems the Committee 
selects each year series of carefully super- 


vised programs which are usually preceded by 
extensive consultations with the program di- 
rectors recruited among the foremost spe- 
cialists, educators and scientists in the field of 
clinical cardiology and allied basic science 
disciplines. 

Although each program director is person- 
ally responsible for the choice of faculty, and 
the structure of the program, the National 
Committee of Continuing Education assumes 
the overall responsibility for the caliber of the 
postgraduate education and the relevance to 
the practice of cardiology. This is accom- 
plished by the processes of meticulous scru- 
tiny of the objectives, analysis of the educa- 
tional methods, and studying the impact of 
each course on the knowledge and attitudes 


of the participants. 

These programs should help each physician 
to keep up with the new knowledge, to put into 
practice the new advances and to retract 
gracefully from the obsolete and useless 
practices. An effective practitioner must learn 
and relearn, listen to new ideas, share past 
experiences and observe the work of his 
peers. The National Program Committee for 
Continuing Medical Education of the American 
College of Cardiology believes that these goals 
can be accomplished by all members and 
nonmember professionals participating in our 
continuing education programs. 

Borys Surawicz, MD, FACC, Chairman 
National Program Committee 


Programs and faculty are subject to change. For further information write Mary Anne Mcinerny, Director, Extramural Programs Department, Division 
of Continuing Education, American College of Cardiology, Heart House, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 


AUGUST 1978 THROUGH OCTOBER 1978 


Tobe  jPreceptorships in Cardiology. Ar- 
arranged thur Selzer, FACC, director, Pacific 
individ- Medical Center, San Francisco, 
ually CA 


AUG. Tutorials in the Tetons: Cardiac 

26-28 Emergencies (Fourth Annual). 
Robert S. Eliot, FACC, director and 
Alan D. Forker, FACC, William P. 
Nelson, FACC and Gerald L. Wolf, 
co-directors. Jackson Lake Lodge, 
Moran, WY 


SEPT. The Clinical Pharmacology of 
7-9 Cardiovascular Drugs. William B. 
Abrams, FACC, Albert N. Brest, 
FACC, Richard O. Davies, FACC 
and Roger F. Ferguson, co-direc- 
tors. Marriott Motor Hotel, Phila- 


delphia, PA 
SEPT.  Electrocardiography: Core Cur- 
11-14 . riculum and Self-Assessment. Paul 


L. McHenry, FACC, director and 
Charles Fisch, FACC, co-director. 
Myers Auditorium, Wishard Memo- 
rial Hospital, Indiana University 
Medical Center, Indianapolis, IN 
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SEPT.  Electrocardiography: Core Cur- 

11-14  riculum and Self-Assessment. Ar- 
thur Selzer, FACC, director. Golden 
Gateway Holiday Inn, San Francis- 
co, CA 

SEPT. Advanced  Echocardiography. 

27-29 Harvey Feigenbaum, FACC, direc- 


tor and Betty C. Corya, James C. 
Dillon, FACC and Arthur E. Wey- 
man, FACC, co-directors. India- 
napolis Hilton Hotel, Indianapolis, 
IN 


OCT. Cardiology Update— 1978. Wil- 
12-14 liam W. Parmley, FACC and Kanu 
Chatterjee, FACC, directors. Del 
Monte Hyatt House, Monterey, CA 


OCT. Geriatric Cardiology. Physiologic 

13-14 vs. Pathologic Aging of the Car- 
diovascular System: Clinical Ap- 
plications and Therapeutic Con- 
siderations. Borys Surawicz, FACC 
and Raymond Harris, FACC, direc- 
tors. Hyatt Regency Lexington, 
Lexington, KY 


OCT. Cardiac Pacing. Doris J. W. Escher, 

18-20 FACC and Seymour Furman, FACC, 
directors. Waldorf-Astoria Hotel, 
New York, NY 


OCT. Valvular Disease—Practical Di- 

19-21 agnosis and Management. Peter C. 
Gazes, FACC, director and Charles 
P. Summerall Ill, FACC, Grady H. 
Hendrix, FACC, William H. Barnwell 
Il, FACC, Bruce W. Usher, FACC, J. 
Lindsay Leviner, Jr. and Robert G. 
Irvin, co-directors. Kiawah Island 
Inn, Kiawah Island, Charleston, 
SC 
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COLLEGE NEWS 


LEARNING CENTER: PROGRAM CALENDAR 





The American College of Cardiology's newest department, the Learning, 
Center, located at the College's Bethesda, Maryland headquarters, 
began operations last October with the offering of its first continuing 
medical education program for physicians with a specialty or an interest 
in cardiovascular medicine. The purpose of the Learning Center is to 


a new standard of excellence in cardiovascular continuing education. 
For additional information concerning the programs listed below or for 
a complete schedule of programs through December 1978, contact 
Program Coordinator, Learning Center, American College of Cardiology, 
9111 Old Georgetown Road, Bethesda, Maryland 20014 (301) 897- 





support the professional commitment to quality patient care by providing 5400. 
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AUGUST THROUGH DECEMBER 1978 


qi I8 cec RT 


Month/Dates Course Director Title of Program 
August 7-10 R. Joe Noble, MD, FACC Update in Cardiology 
September 25-27 Kenneth M. Rosen, MD, FACC Evaluation of Arrhythmias with His Bundle Recording and Cardiac Stimula- 
tion 
October 4-6 Charles E. Rackley, MD, FACC Clinical Evaluation and Treatment of Coronary Artery Disease 
October 19-21 Pravin M. Shah, MD, FACC Adult Echocardiography: Clinical Applications-M-Mode vs 2-Dimensional 
October 23-25 Douglas P. Zipes, MD, FACC The Ubiquitous PVC: Sorting Out the Dilemma 
November 6-8 Ralph Shabetai, MD, FACC Management of Pericardial and Myocardial Disease 
December 4-6 Borys Surawicz, MD, FACC Interpretation of ECGs 
December 11-13 Victor Parsonnet, MD, FACC Current Concepts in Pacing: An Individualized Seminar Approach 


28th ANNUAL SCIENTIFIC SESSION 
AMERICAN COLLEGE OF CARDIOLOGY 


MARCH 11-15, 1979 MIAMI BEACH, FLORIDA 





342 August 1978 The American Journal of CARDIOLOGY Volume 42 


- oM 





"C CTEENESGUERSCGUINFICSUT CPG EAS ICT 3*t a Ai n n R Pye eee eae Tm FFE PT OC OOH8Sepu WW MG 
" P 7 " d 


COLLEGE NEWS 


AMERICAN COLLEGE OF CARDIOLOGY 
Announces ... 
AFFILIATE IN TRAINING MEMBERSHIP 
For Physicians in Cardiovascular Related Training Programs 


Candidates for this membership category must be current full-time trainees in a recognized 
cardiovascular (adult, pediatric, surgical) related program in fulfillment of requirements for ad- 
mission to a subspecialty board examination which holds membership in the American Board 
of Medical Specialties. Upon completion of training and in order to maintain an affiliation with 
the College, the members are encouraged to apply to the Credentials Committee for status in 
one of the other three membership categories. 


The application for Affiliate in Training must be signed by the Director of the applicant's training 
program and two sponsors, both of whom must be Fellows of the College. One of the sponsors 
may be the Director of the training program, provided he is a Fellow of the College. The annual 
dues for an Affiliate in Training are $25.00. 

Advantages to the Affiliate in Training 
1. Subscription to The American Journal of Cardiology, the official journal of the College. 


2. Reduced fees for all educational programs of the College. 


3. Preference for enrollment in programs sponsored by the College with a limited registra- 
tion. 


4. Receipt of the quarterly publication, Cardiology, the newsletter of the College. 


9. Participation in all affairs of the College as a member rather than as a guest of the Col- 
lege. 


Those desiring an application form should write to Ms. Margaret E. Coffey, Director, Mem- 
bership Department, American College of Cardiology, 9111 Old Georgetown Road, Bethesda, 
Maryland 20014. 


August 1978 The American Journal of CARDIOLOGY Volume 42 343 





: 
: 
| 


zd 


See md — n I SÁT 


Bc ea i e LE LD ete eto SSL Fd SD do it oo JU b e s. 


2 uan. 


Km 
e 


«Po TN 


$E sS 


Paar ea ee A ee WERE 
" kd " LI z 


EFT x 
. 


^ Pes 
C We 
^ 


T et 


IV « E "EN h TRE ry P z j SUM 
wa VM P X = A a, ow e t á NS - v 
/ : r? Pars irs - ~~ at i 1 ' v. "AL. 


INSTRUCTIONS FOR AUTHORS 


The editors of THE AMERICAN JOURNAL OF CARDIOLOGY welcome con- 
cise articles devoted to cardiovascular disease. Articles must be contrib- 
uted solely to THE AMERICAN JOURNAL OF CARDIOLOGY and become the 
property of the Publisher. The Publisher reserves copyright and renewal on 
all published material, and such material may not be reproduced in any form 
without the written permission of the Publisher. Statements in articles are 
the responsibility of the authors. Authors will assist the editors in the prompt 
processing of manuscripts if these instructions are followed: 


THE WHOLE PAPER 


e Address manuscript to Managing Edi- 
tor, American Journal of Cardiology, 
666 Fifth Ave., New York, NY 10019. 

e Submit two copies of all elements of 
the article: text, references, legends, ta- 
bles and figures. 

e Arrange the paper in this order: (1) 
title page; (2) abstract; (3) text; (4) ref- 
erences; (5) legends; (6) tables; and (7) 
figures. 

e Number all pages in above se- 
quence, beginning with title page as 1, 
abstract as 2, etc. 

e Type all matter: (1) on 8/5 X 11 
opaque white bond paper; (2) in dupli- 
cate; (3) on one side of each sheet only; 
(4) double-space; (5) leave wide mar- 
gins, all four sides. 


THE TITLE PAGE 


e include first names, degrees and, 
where applicable, FACC for all authors. 
e Provide a short running title of 3 to 6 
words. 

e Insert at bottom: name and address 
of institution from which work originated 
plus information about grants. 

e Add at bottom the phrase "Address 
for reprints: ...'" followed by full name 
and address with zip code. 


THE ABSTRACT 


e Limit words as follows: 100 to 250 
words for major articles; 50 to 100 
words for case reports. 


e Add at end of abstract: list of 2 to 6 


key words and subjects for indexing. 
THE TEXT 


e Type in duplicate; double-space. 

e Do not use abbreviations such as 
SVC, WPW: write out superior vena 
cava, Wolff-Parkinson-White. 

e Abbreviate measurements (mm, kcal 
and the like) as recommended in the 
Style Manual for Biological Journals, 
American Institute of Biological Sci- 
ences, 3900 Wisconsin Avenue, N.W., 
Washington, D. C. 

e Cite in numerical order- every refer- 
ence, figure and table. (Order of men- 
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tion in text determines the number given 
to each.) 

e Place acknowledgments at end of 
text, before references. 


THE REFERENCES 


e Type in duplicate; double-space. 

e Number the references in order in 
which they are mentioned in text. 

e Provide concluding page numbers for 
all journal references and specific page 
numbers for all book references. Indi- 
cate all abstracts by the abbreviation 
(abstr). 

e Follow the general arrangement, ab- 
breviations | and punctuation styles 
shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 

e Number pages in sequence after last 
page of references. 

e identify at the end of each legend and 
in alphabetical order all abbreviations in 
the figure described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 


e Give each table a number (in roman 
numerals: Table |, Il, etc.) and a title. 
Number the tables in order in which 
they are mentioned in the text. 

e Provide a footnote to each table— 
identifying in alphabetical order all ab- 
breviations used. 


THE FIGURES 


e Submit 2 glossy prints (not originals) 
of each photo and drawing. 

e Please note that art work of pub- 
lished articles will not be returned. 

e Use black ink for all charts (line 
drawings). Make decimals, broken lines, 
etc. strong enough for reproduction. 

e Use arrows to designate special fea- 
tures. 

e Crop photomicrographs to show only 
essential field. 

e Identify figures on back by number 
and author's name. 

« Number figures in order in which they 
are mentioned in the text. 

e Indicate top of each figure. 

« Submit written permission from pub- 
lisher and author to reproduce any pre- 
viously published figures. 

« Limit figures to number necessary for 
clarity. The publisher allows a limited 
sum toward reproduction. 





Examples of Styles of References 


For periodicals, follow INDEX MEDICUS, listing all authors: 


31. Vismara LA, Vera Z, Miller RR, Mason DT Efficacy of disopyramide phosphate in the 
treatment of refractory ventricular tachycardia. Am J Cardiol 39:1027- 1034, 1977 


(Author: please note that no periods are used after authors initials.) 


For books (edited by other than author of article): 


28. Schiebler GL, Van Mierop LHS, Krovetz LJ: Diseases of the tricuspid valve, chap 20. 
In, Heart Disease in Infants, Children anc Adolescents (Moss AJ, Adams F, ed). 
Baltimore, Williams & Wilkins, 1968, p. 134 


For books (with identical author and editor): 


36. Berne E: Principles of Group Treatment. New York, Oxford University Press, 1966, p 


26 


(Author: all book references should have specific page numbers.) 





August 1978 The American Journal of CARDIOLOGY Volume 42 


& The established use of Isordil in the manage- 
ment of angina pectoris for more than two 
decades has often been ascribed only to the vaso- 

: s UNA dilatation it produces in the coronary arteries. 
| Sosorbide dinitrate Recent investigations, however, suggest that an 
even more important effect of this agent is to 
dilate peripheral arteries and veins. Arterial dila- 
tation lowers impedance to left ventricular ejec- 
: HELPS THE HE ART tion, reducing afterload. Venous dilatation leads 
rh THE CONTROL OF With afterload and preload reduced, the 
amount of energy expended and oxygen con- 
* sumed by the heart should be decreased. Isordil 
ANGIN A PECTORIS canthus reduce myocardial oxygen requirements 
and relieve or prevent attacks of angina pectoris. 





to venous pooling and a fall in right and left ven- 
tricular filling pressure, thus reducing preload. 
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- to abort onprevent “fOr more accurate (| to provide 
| acutediiginà attacks titration of dosage to | | | sustained. i 
b. JIS SUBLINGUAL prevent angina attacks ` | | prophylaxis. 
Su ll ual Tablets, 2.5 mg and 5 mg ISORDII?. TITRADOSE** | against angina 
ISORDIÉ CHEWABLE Oral Tablets with E.Z. Split? scoring: 14 ISORDIL® TEMBIDS® Capsules: 
Chewable Tablets, 10 mg 5 mg, 10.mg, and 20 mg $ Sustained-Action Capsules, 40 mg 


MER -— E. x 
Advetse Reactions: Cutaneous vasodilation. with flushing. Headache is\com: 
mon and may be sevére and persistent. ral ischemia asso of dizziness and 






*Indications: Based ona réview of this drug by the National Academy of 
Sciences — National Research Council and/or other information, FDA has 
classified the indications as follows: 

ME. effective: When taken by the sublingual or chewable route, 
lsordi Sublingual and Chewable Tablets are indicated for the treatment of 
acute anginal attacks and for prophylaxis"im situations likely to provoke 
such attacks. % 2» 

"Possibly" effective: When-taken by the oral route, Isordil is indicated for 
the relief of angina pectoris (pain.atcoronary-artery disease). It is not in- 
tended to abort the acute anginaf episode, but is widely regarded as 
useful in the prophylactic treatment of.angina pectoris. 

Final classification @f the less-than-effective indications requires further 
investigation. ` 





weakness as well as/ather signs of cerebral ischemia associated with 
postural hypotension may otcasionallydevelop. This drug can act as a 
physiological antagonist to norepinephrine, acetylcholine, histamine, and 
many other agents /An occasional individual exhibits marked sensitivity to 
the hypotensive effects of nitrite, and severe responses (nausea, vomiting, 
weakness, restlessness, pallor, perspiration and collapse) can occur even 
with the usual therapeutic dose. Alcohol may enhance this effect. Drug rash 
and/orexfoliative dermatitis may occasionally occur. 








Consult direction circular before prescribing. 






May we send you reprints, detailed information and/or professional 
samples? 





Contraindication: Idiosyncrasy to this drug. 

Warnings: Data supporting the us of nitrites during the early days of the 

acute phase of myocardial infarction (the period dd fes which clinical and IVES LABORATORIES INC. ® 
laboratory findings are unstable) are insufficient to establish safety. New York, New York 10017 j 
Precautions: Tolerance to this drug and cross-tolerance to other nitrites and DEDICATED TO IMPROVING THE QUALITY OF LIFE THROUGH MEDICINE 

nitrates may occur. FUS Pat. Nos. 3883647 and 0224591 TEMBIDS* — TRADEMARK FOR SUSTAINED-ACTION CAPSULES 











(Premature Ventricular Contractions) 


initial therapy: 
quinidine sulfate tablets 











Then, for convenience 





and compliance... 
a welcome change- 


simple q 8-12 hour dosage 
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300 mg in each Extentab 


A-H-[]OBI NS 


USP) 





After the PVC's have been successfully suppressed with 
quinidine sulfate tablets, you can maintain normal sinus 
rhythm with Quinidex Extentabs. The simple q 8-12 hour 
dosage is more convenient for the patient than the usual 
q.i.d. dosage for short-acting tablets. Instead of having to 
remember to carry his medication with him during the day, 
he simply leaves the bottle in the medicine cabinet. 
There's less risk of a missed dose . . . better compliance 
with your dosage regimen. The unique construction of 
Quinidex Extentabs provides continuous absorption 
of quinidine sulfate over an 8-12 hour period. Each of the 
Extentabs contains 300 mg quinidine sulfate — approxi- 
mately 2396 more quinidine alkaloid than 324 mg quini- 
dine gluconate. 


See full prescribing information on following page 


Indications: 

Quinidex Extentabs are indicated in the treat- 
ment of: 

Premature atrial and ventricular contractions. 

Paroxysmal atrial tachycardia. 

Paroxysmal A-V junctional rhythm. 

Atrial flutter. 

Paroxysmal atrial fibrillation. 

Established atrial fibrillation when therapy is 
appropriate. 

Paroxysmal ventricular tachycardia when not 
associated with complete heartblock. 

Maintenance therapy after electrical conversion 
of atrial fibrillation and/or flutter. 


The only long-acting form of quinidine sulfate 


Quinidex.. 
Extentabs 


(Quinidine Sulfate USP) 


A-H-[ROBINS 


A. H. Robins Company, Richmond, Va. 23220 











Contraindications: Intraventricular con- 
duction defects. A-V block. Idiosyncrasy or 
hypersensitivity. 

Aberrant impulses and abnormal 
rhythms due to escape mechanisms should 
not be treated with quinidine. 


Warning: In the treatment of atrial flutter, 
reversion to sinus rhythm may be preceded 
by a progressive reduction in the degree of 
A-V block to a 1:1 ratio and resulting ex- 
tremely rapid ventricular rate. 


Precautions: All the precautions applying 
to regular quinidine therapy apply to the Ex- 
tentab form. Use with care in patients with 
severe congestive failure, renal insuffi- 
ciency or with digitalis intoxication. 
Patients should be carefully observed 
for signs of toxicity: e.g., (1) allergy or idio- 
syncrasy, such as febrile reactions, skin 
eruptions, and thrombocytopenia (ex- 
tremely rare); (2) “cinchonism,” such as 
tinnitus, blurred vision, dizziness, light- 
headedness, and tremor; (3) G-I symptoms 
(nausea, vomiting, diarrhea, and colic); 
(4) cardiotoxic effects such as ventricular 
extrasystoles occurring at a rate of one or 
more every 6 normal beats, an increase of 
the QRS complex of 509e or more, a 
complete A-V block, or ventricular tachy- 
cardia. 
NOTE: The development of "cinchonism" 
is not usually sufficient reason for terminat- 
ing quinidine therapy. G-I symptoms can 
also be minimized by giving the drug with 
food. 


Adverse Reactions: Cases of quinidine- 
induced hypoprothrombinemic hemorr- 
hage in patients on chronic anticoagulant 
drug therapy have been reported. 


Dosage: Two Quinidex Extentabs every 8 
to 12 hours. 


How Supplied: White sugar-coated Exten- 
tabs in bottles of 100 and 250 
(NDC 0031 - 6649). 


PRIMUS 


INTER PARES 
ECHOCARDIOGRAPHY 


Optimum gray scale in echocardiography 
producing high quality images 


Synchronous display of A-mode, M-mode, TGC and ECG 
on one high resolution viewing monitor 


Phono/Pulse and ECG standard in basic unit 
Most compact system offered with integral strip chart recorder 


Designed for convenience and ease of operation 
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PERFORMING STRESS TESTS? 
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Stress testing requires accurate control and monitoring 
of cardiac output. That means utilizing an exercise device 
which will maintain the subject s heart rate at a constant 
BPM by varying the work load. That means Pedalmate! 


The Pedalmate is an ergometer which offers two modes of 
operation. In the ‘Heart Rate Control Mode,’ the work load 
is automatically varied by means of a feedback control 
signal which is proportional to the difference between the 
subject’s actual heart rate and a preset, selectable heart 
rate. The subject's actual heart rate is detected by a blood 
pressure wave transducer which attaches comfortably to 
the earlobe. The fine adjustment in work load makes it 
possible to exercise the subject at a preset heart rate level 
for a preselected time. 


When in the ‘Manual Mode,’ the Pedalmate presents the 
subject a constant load (manually variable) which re- 
mains constant independent of pedal rate. 


SPECIFICATIONS 
Heart Rate Control Accuracy: +5BPM 
Heart Rate Accuracy: +2% of reading 
Watt Load Accuracy: +5% of reading 
Pedal Rate Accuracy: +2% of reading (0-120 rpm) 
Heart Rate Range: 40 to 180 BPM 
Watt Load Range: 25 to 200 watts 
(150 to 1200 KPM/min.) 
Pedal rpm Range: 0-120 rpm (30-120 rpm 
constant work) 
Timer Range: 0 to 30 minutes 


Lamp Indicators: AC Power Lamp, Heart Beat 
LED, Heart Control Program 
Run Lamp 


Meters: Heart Rate (BPM), 
Pedal Rate (rpm), 
Work Load (watts) 


Other Controls: Mode Select Switch, 
Preset Heart Rate Dial, 
Manual Watt Load Control, 
Key Power Switch 


Output Signals: Heart Rate CAL Factor = 
1 BPM/50 mv. 
Watt Load CAL Factor = 
1 watt/50 mv. 


For additional information, write or call 


Warren E. Collins, inc., 220 Wood Road 
Braintree, MA 02184 Tel. (617) 843-0610 
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| THERMODILUTION CARDIAC THERMODILUTION 
b 
Injectate Lumen | 
30 cm proximal —7F E. 
MODEL 15 cm proximal TE IM ! b" [ 
3500E | ae ) 
Latest bedside R ^ 
cardiac output » - : 
; computer monitoring N M j ~ | 
. ' arkings. 1 mM 
technology every ilOcm / dn Re Abit Mg Inflated = 
" ~*~ Syringe Balloon | | — 
E x Thermistor pi CVP— ' iig 
MODEL ^ L4 Connections Proximal A/A = 
dm ux "4 NY [ 
3501 SE s PA USA, ^ 
í E E Distal a- E. 
Companion auto- $19 ES 17 
matic recorder for pl S EC 
thermodilution curve. E ES - i 
i Thermistor : * J 
A n 
Features: Foatilcos: ^ 
e ACCURATE cardiac outputs e AUTOMATIC body and « E 
— adult and pediatric ranges injectate temperatures e Convenient and complete e Tapered tip — pressure fidelity M. A 
e SIMPLE pushbutton e AUTOMATIC thermal curve sterile packaging and introduction 74 T 
operation recording e Precalibrated and e Thermistor located inside J "d E 
e ADJUSTABLE test e CHOICE of injectate volume interchangeable curve — prevents PA. wall contact Jd Ki 
calibration and temperature e Adult. pediatric and direct e Balloon protection shield A 
e SERVICEABLE — interchangeable circuitry placement sizes a 



















For additional information contact Ross A. Linnemann 


KIMRAY MEDICAL ASSOCIATES 
53 N.W. 42nd, Oklahoma City, Oklahoma 73118 
inc (405) 525-3623 





WHEN YOU SELECT A JAMIESON MODEL 54, * 
you are in control. E 





The Model 54 is a cineradiography processor for heart 
catheterization film. It allows you to control 
the variables of cine film processing. 


Those variables are: 
Precise temperature control of chemistry. 
Optimal agitation. 
Variable transport speed 
Recirculation of chemicals. 
Exacting replenishment rates. 


DE MODA TL 


It’s fast, too! Up to 70 feet per minute. 


Call, write or clip coupon and mail today for more details. 
Call toll free Continental USA (Except Texas) 1-800-527-2298, Telex:73-0932 


ciu eb ibi ella 8 OSES 28S Il D ————————————————" 


Please send information on Jamieson Model 54 Processor and a list of users. 


IJ TTPTT"E 


Name 


Address 
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JAMIESON FILM COMPANY 6901 Forest Park Rd. EET JAMIESON FILM CO. 


Dallas, Texas 75235 Phone [214] 350-1283 CINE FILM PROCESSORS 
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HIGH BLOOD PRESSURE 
& ELEVATED LIPIDS: 


PARTNERS IN PATHOLOGY 
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Hypertension and hyperlipidemia working in tandem can damage the arterial 
endothelium—the thin barrier that selectively prevents undue entry of lipids and 
other blood constituents into the arterial wall. According to the “response-to- 
injury" hypothesis, '? a break in the endothelium is the first event in a 
pathologic sequence that can ultimately lead to arterial lesion formation. 
(See more detailed explanation of this hypothesis in the accompanying 
schematic illustration at right.) 


Endothelial injury: a component 
of arterial response to hypertension 


Animal and human studies?:^ demonstrate that hypertension can 
injure the arterial endothelium. The damage seems to be related 
as much to local hemodynamic stresses at sites of vessel bend- 
ing or branching* ? as to the height of the pressure. It has also 
been shown that the arterial intima is more permeable to plasma 
lipoproteins in hypertensive individuals than in normotensives.* 


Chronic hyperlipidemia: a factor 

in initiating and maintaining lesions 

In addition to causing lipid deposition in arterial plaques,° 
hyperlipidemia may be an initiating factor in lesion formation. ' 
There is also evidence (from primate studies) that elevated 
serum lipid levels may inhibit the "normal" regression of arte- 
rial lesions following a single injury to the endothelium. ' 

1. Ross, R., and Harker, L.: Science 193:1094 (Sept.) 1976. 

2. Ross, R., and Glomset, J. A.: N. Engl. J. Med. 295:420 (Aug. 19) 1976. 

3. Schwartz, S. M.: Cardiovasc Med. 2:991 (Oct.) 1977. 

4. Glagov, S.: Med. Clin. North Am. 57:63 (Jan.) 1973. 

5. DiGirolamo, M., and Schlant, R. C., in Hurst, J. W., et a/. (eds.): The Heart, 

- 4th ed., New York, McGraw-Hill, 1978, pp. 1114, 1116. 


6. Smith, E. B., and Slater, R. S., in Atherogenesis: Initiating Factors, CIBA 
Foundation Symposium 72:39, 1973. 
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When you find hypertension- 
look for hyperlipidemia 


A ers Ayerst Laboratories 
y &| New York, N.Y. 10017 


7829 — 





vmm ^ TeV XOT 
PP CO 


In the normal arterial 
vessel, the endothelial 
layer is intact, able to 
perform its function as 
partial barrier to the entry 
of excessive amounts of 
lipids and other serum 


constituents into the 
arterial wall. 
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Endothelial injury, 
resulting from elevated 
blood pressure and/or high 
serum lipid concentrations, 
reduces the effectiveness 
of this barrier. Serum lipids 
can then more easily 
infiltrate subendothelial 
connective tissue as can 
factors released from 
platelet granules after the 
platelets have adhered to 
the subendothelial 
collagen. 
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Smooth muscle cell 
proliferation is stimulated 
by platelet mitogenic factors, 
plasma lipoproteins and 
other plasma constituents. 
The cells migrate from the 
media of the vessel into the 
intima, where they continue 
to multiply. Endothelial cells 
regenerate to cover the ex- 
posed intima. Concurrently, 
in hyperlipidemic individuals, 
arterial smooth muscle 

cells are exposed to, and 
may internalize, large 
amounts of lipid substances 
which eventually can cause 
them to rupture and die. 
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The characteristic arterial 
lesion shown here is the 
product of smooth muscle 
cell proliferation, accumu- 
lation of intracellular and 
extracellular lipids, and 
debris from muscle cell 
necrosis. This is the end 
result of chronic or 
repeated endothelial injury. 
In contrast, the single or 
widely separated instances 
of endothelial damage that 
occur in all persons at 
varying times usually allow 
for lesion regression and 
repair. 





Medical artist's interpretation 











For the busy physician 
who must have 


drug information in a hurry ... 
there is only one choice 


MODERN DRUG 
ENCYCLOPEDIA 


ALL-NEW 14th EDITION 


Now more than ever.. . the one essential 
guide for every physician, pharmacist, 
nurse and health care professional in- 
volved in prescribing, testing, providing, 
and administering modern drugs and 
diagnostic aids 


Here is why the professionals—those 
who require dependable drug in- 
formation on a daily basis—prefer MDE 
over any other source: 


e Written in clear, concise language for quick comprehension 

e Large, modern, easy-to-read type 

e Bold subject headings for speedy look-up 

e Main listings by generic name—all brand names in one place 
e Limited to prescription drugs—ne wading through long 


Listings Contain: 
Generic Name 
Chemical Name 
Narcotic & Dangerous 
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MDE also includes: 


Directory of pharmaceu- 


listings of bath preparations, suntan lotions, etc. 5 vr. ug e trade-name dosage 
e Objective and complete—listings are not paid advertising e d ril 5 ae niea oribus 
e Sturdy library binding designed for hard usage C Pu nalieatlone Pi dina blood 
e Two-year free updating service Warnings Review of Controlled 
Editor Precautions Substances Act of 1970, 


Arthur J. Lewis, M.D. 


Executive Editor 
Gertrude Dittus Gonzales, B.S. Pharm., R.Ph. 


Contributing Editor 
Charles L. Winek, Ph.D. 





PROFESSIONAL COURTESY ORDER FORM 


Yorke Medical Books, Div. of Yorke Medical Group 
666 Fifth Avenue, New York, N.Y. 10019 


Please send me a copy of the all-new 14th Edition of MODERN DRUG ENCYCLO- 
PEDIA and Therapeutic Index, and enter my Free Subscription for the periodical 
Updating Supplements. If this edition is the best drug information reference for 
professionals available, | will remit $37.00 plus shipping. Otherwise, | will 
simply return it within 30 days and owe nothing. 


AJC-8/78 


O Check here if enclosing $37.00 now as full payment. Publisher absorbs 
shipping cost. Same return guarantee. 
(New York residents add applicable sales tax) 


O Charge my credit card. 
O Master Charge O Visa (Bank Americard) Expire Date 1 
No. mii 


" Countries outside Western Hemisphere: $46.00 prepaid in U.S. funds. 





Name d zn Me AS E d: 





Address f Yn EM CI ae Se SS! 








City woo SR See Zip 














Signature — Date 


Adverse Reactions 
Dosage & Administration 
Brand Names 
Manufacturer 
Availability 


and Reorganization 

Plan cf 1973 
Therapeutic Index 
Manufacturers' Index 
General Index 


Here is what users 
of the all-new MDE/14 
have to say: 


"The book is excellent. | couldn't make it any better if | 
made it myself. Layout makes all the information accessi- 
ble." 

Harry Weinstock, M.D., Bronx, N.Y. 


"MDE's brevity is very appealing to me. There's a lot of 
‘meat’ in a short space, so | don't have to spend half an 
hour looking up all the information on just one drug. And I 
know the information | find will be accurate.” 

Steven Swales, Pharmacist, Norman, Ok. 


"| think what appeals to me the most is the way it's set up. 
More often, prescriptions are being given by generic name 
and MODERN DRUG ENCYCLOPEDIA suits this trend. It 
is short, concise and to tne point. There is no crossing over 
to look for other information." 

Richard Davis, Pharmacist, Austin, Texas 


CHOCARDIOGRAPHY SYSTEM 
THAT MONEY CAN BUY* 
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WI Builtin capacity for addition of new modules 
under development 


AND WE BACK IT UP | 
WITH 
OUTSTANDING SERVICE 
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Our established National Service Group recognizes that — - 
delivering good service will help to sell Irex systems and — 
that failure to do so will help to sell competitive systems. j 
Ask a current Irex user about our service and we are 
confident that you will receive a positive recommendation. 
IREX MEDICAL SYSTEMS i 
Executive Offices E. 
114 Pleasant Avenue d 
Upper Saddle River, NJ 07458 ‘4 


your local Irex Sales Representative. 


SERVICE REPRESENTATIVES LOCATED 


Call (201) 327-5900 for the name of .. 
a 
q 
j 
THROUGHOUT THE U.S.A. | 


* 13,500 
Irex System Il Recorder i 
Monitor and Echo | with 
built-in diagnostic ECG. 
$15,500 

Above with 4 Channel 
Heart Sound/Pulse Module . 





1958 


Siemens-Elema introduced the first im- 
plantable pacemaker designed by Dr. 
Elmquist and implanted by Dr. Senning 
at the University Hospital Karolinska, 
Stockholm. 

Since then, Siemens-Elema's en- 
gineers have continuously, in coopera- 
tion with foremost cardiologists and 
surgeons, developed reliable products 
to be known worldwide. 


1962 


Siemens-Elema introduced a long-term 
transvenous lead, which became known 
as an extremely reliable Elema en- 
docardial lead. 


1965 


Siemens-Elema introduced an implant- 
able atrial triggered pacemaker. 


197 1 


The variopacemaker was introduced. 
The variofunction made it possible to 
measure non-invasive the stimulation 
threshold for the implantable pacemaker 
system. 


1974 


Siemens-Elema introduced a pace- 
maker with a Lithium battery, devel- 
oped for long-term stimulation. 


1978 


Two of our current products, the lithium 
powered pacemaker 217/70 and the bal- 
` loon lead, are described and illustrated 
above. 


SI MENS-EL MA 


PACEMAKERS | 











LITHIUM POWERED 
IMPLANTABLE PACEMAKER 


Bd ab % Theoretical life expectancy of more 
"emm Ne than 11 years. (Calculated under worst 
case 100% stimulation.) 
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% Constant basic rate during service of 
eam mgr LE If Rm | life. 
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"€ Test rate decreases from 100 imp/min 
to 85 imp/min at recommended 
replacement limit. 
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ENDOCARDIAL BALLOON LEAD 
FOR PERMANENT PACING 


| * The balloon at the tip will reduce the 
possibility of dislocation. 


%~ Balloon inflated with contrast medium 
will make visualization of the lead 
during and after implantation easier 
on fluoroscope. 





Call collect or write for descriptive 
literature: 


Please send descriptive literature 
O Complete Program 
O Lithium Pacemaker 217/70 


O Balloon Lead 289 
O Please call me for a demonstration 
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| SIEMENS-ELEMA 
i U.S. Pacemaker Division € Elema-Schonander, Inc. 
i Box 128 è Elk Grove Village, Illinois 60007 € 312/640-6460 
i 

- JC-8 World Headquarters è Pacemaker Division è S17195, Soina, Sweden 
I 

" 


a— — — — — — — — — — —— — —— —— SE SE — ee ee — — — — SS a — — SS € — em Dems em i o m m d UE Gems e Gum cue 





Justatouch is 
all it takes to generate 
‘Image analysis data. 


In designing our image analyzer, 


we realized that many laboratories 
needed an image analysis system 
that would not require expertise in 
programming. 

50 we connected the Leitz® 
ASM (analysis system manual) 
to a microprocessor which we 
programmed for the automatic 
computation of many different 
parameters and distributions. 


This makes the semiautomatic 


ASM much faster to use than the 
traditional point counting methods. 
To select and change analysis 
programs, the user simply touches 
the relevant instruction field 








This prepares the ASM to 
measure the desired parameters 
or distributions. 

A tracing panel is the inter- 
active link between operator and 
machine. 
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To generate data from various 
image components, the user just 
traces their contours with an 
electronic pen. 

Parameters can be extracted 
from photographic negatives or 
prints or from microscopical 
images. 

Magnification and various 
other constants can be inputted 
into the computation. 

But don't be deceived by the 
remarkable simplicity of the ASM. 

Linear dimensions, perimeters, 
areas, shape factors, projections, 
gravity center coordinates, 
various line and area moments, 
and stereological parameters of 
seven image phases can be 
computed simultaneously and 
outputted as values in absolute 
dimensions. 

Image data can be printed 








5738 
out for permanent record on an 
alphanumeric printer. 


MAGNIFICATION? 


IÓTAL ENTRIES: Dirige 
PHASE: l 

PARAMETER: L1 
MEANS *25.038 
STD. DEV.’ 14.448 
NUMBER OF ENTRIES? 31 


CUMMULATIVE DISTRIBUTION OF 


SEuU. FREQUENCY ©% ) 
i «10.000000 Nn-— 
2 *«1ó00.000000 NC | 
They are also displayed on 


the ASM control panel. 


AJC- 
Send more information about Leitz 
ASM image analyzer. 
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| Company/ 

| Institution 

| Address 

| City. 

| State Zip 

| Mail to: E. Leitz, Rockleigh, N.J.07647 5 
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HAVE THE RIGHT RECORDER? 


It's easy enough to find out. 
Just ask yourself what you 
expect from your system — 
hardcopy recoras with the 
best possible resolution? 
The operating economy 
you get with 6-inch rather 
than &inch paper? A re- 
corder that's UL listed for 
added safety? 

A positive answer to 


L anyofthesequestions means that your 


system needs a Honeywell stripchart 
recorder. Its 5-mil spot size produces 
records with twice the resolution of any 
other recorder. And this, coupled with 
excellent gray scale discrimination, 
assures that your echocardiagrams wil 
have maximum diagnostic information. 


Compare record quality in an objec- 


tive, side-by-side examination and you ll 








WELL SHOW YOU A BETTER WAY. 


see immediately why most 
Cardiologists learn diag- 
nostic interpretation trom 
Honeywell echocardio- 
grams. Compare recorders 
for reliability — more than 
80% of ours operate main- 
tenance-tree for over a 
year — and you'll also 
understand why more than 

WE 90% of all manufacturers 
of p scanners offer Honeywell 
recorders in their systems. 

If the manufacturer of your ultra- 
sound scanner won't supply one of our 
recorders, give us a call. Well not only 
provide it, well install t for you. To get 
more information, contact Bob Shipman, 
Honeywell Test Instruments Division, 
Box 5227, Denver, CO 80217, 

(303) 771-4700. 
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he Remler Automatic Ambulatory Blood Pressure 
Recorder is inconspicuous under clothing and 
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s simple for your patient to use, scarcely intruding Since 1918 * Precision in electronics T 1 
on his daily routine. Yet he can give you as many 280 Visitacion Mall *« Brisbane, CA 94005 USA * (415) 468-3437 3 
as 50 accurate blood pressure readings a day § Please send me complete details on the Remler | 
ith no pressor effect. A permanent readout Ambulatory Blood Pressure Recording System E 
displaying the full pressure range with both systolic ; a 
and diastolic points is also provided—an e 
nvaluable record for detecting hypertensive t 
omplications and assessing the efficacy and m. 4 
dosage of medication. And an additional A E 
advantage is the ability to monitor i K 
orotkoff sounds. Send for complete a 
information about this proven system. » v m« -- ms mE EM MS ME EMO EMO MUS ES US IAS RO UA Us GS OU RO 
4 $: 


Hard to believe your patient 








is giving you as many as50 — 
accurate blood pressure 


^d 


readings a day. i 


*All Remler Blood Pressure Equipment displays 
calibrations which are directly traceable to the 
Es NATIONAL BUREAU OF STANDARDS. 





10:15 A.M. 
It's a 9-Channel 
Stress Test System 


It's the STS-il... 
Truly a Multi-use 
ECG System! 


Why pay twice for dedicated 
stress test and ECG equip- 
ment when a single system 
does it all! 


11:49 A.M. 
It’s a Stand-alone 
Electrocardiograp 


Actually a variety of different systems 
in one, the STS-III has inter-change- 
able modular components that can be 
assembled to meet the budget and 
technical requirements of virtually 
any hospital, physician’s office or 
clinic. Choose from twomonitortypes 
and three treadmills with the option of 
manual controls or automatic test 
programming for up to twelve stages. 
Use it in the stress test lab, or handle 
routine ECGs by disconnecting and 
rolling away its state-of-the-art 
3-channel recorder (a special version 
of our time-proven Model 3038 Elec- 
trocardiograph.) Expand your diag- 
nostic capabilitiesstill more by adding 
heart-sound/pulse-wave and com- 
puter phone terminal options. 


Even then, there’s flexibility to spare. 
In addition to providing superior per- 
formance specifications, the STS-IIl 
prevents information loss with a 
unique non-fade monitor that can 
freeze events of interest, and allow 
recording from memory in a distinc- 
tive format. And, the optional “crawl- 
speed” feature allows the entire 
stress test to be recorded without 
interruption in the intervals between 
program recording. 


To see how the STS-III is the most 
cost-effective stress test solution for 
you, Call or write: 

Cambridge Instrument Company, 
73 Spring St., Ossining, N.Y. 

(914) 941-8100. 


Cambridge 
Instrument 


‘Company, Inc. 


first in electrocardiography 
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rings you up-to-date 
on basic research 
and clinical progress 


Congestive Heart Failure 


Mechanisms, Evaluation and Treatment 
Dean T. Mason, M.D. 





This rare treatment of such a multifaceted 
subject provides an unusual opportunity 
for the busy clinician to add to his knowl- 
edge in a minimum amount of time. Any 
area of immediate interest can be rapidly 
located and as much data as needed can 
be quickly extracted. The concentration 
on improved clinical management will be 
appreciated by every internist, cardiol- 
ogist, generalist, and any professionai in- 
volved in cardiovascular medicine. 


Dean Mason, President of the Amer- 
ican College of Cardiology, has or- 
ganized this monograph within the three 
areas relevant to an understanding of 
congestive heart failure: mechanisms, 
evaluation and treatment. Fifty-six recog- 
nized authorities have been assembled 
by Dr. Mason, each contributing their 
expertise to make this book the foremost 
text covering the highly important and 
common disorders of abnormal heart 
function. 
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This presentation of recent advances in 
basic research and clinical progress has 
been highly acclaimed for its major con- 
tribution to the improvement of patient 
care. We invite you to see if you don't 
agree. Order and take 30 days to look 
over the book. If you're not totally satis- 
fied, return it. 


About the author .. . Dean T. Mason, M.D. 


Professor of Medicine, Professor Physiology, Chief of Cardiovascular Medicine, University of California, 
School of Medicine, Davis 


President, American College of Cardiology President, Western Society for Clinical Research 
Member of the American Board of Internal Medicine Cardiovascular Diseases 

Has authored more than 400 original articles on cardiovascular science and clinical cardiology. P 
Serves on the editorial boards of The American Journal of Cardiology, The Journal of Clinical Investiga- 


tion, Circulation, Chest, Clinical Pharmacology and Therapeutics, Catheterization and Cardiovascular 
Diagnosis, and Heart and Lung. 


Recipient of Experimental Therapeutics Award in 1973 from the American Society of Pharmacology and 
Experimental Therapeutics, the Research Awards in 1965 from the American Therapeutic Society, and 
the Theodore and Susan B. Cummings Humanitarian Awards in 1972, 1973, and 1975 from the U.S. 
State Department and the American College of Cardiology. 
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Please send me a copy of CONGESTIVE HEART FAILURE 
for 30 days free examination and use. If | decide to keep 
it, your invoice will be honored ($35.00 plus shipping 
cost). Otherwise, the book will be returned for full credit 
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NEW IL FU 


GARDIAC OUTPUT 
system 


The ONLY system that virtually eliminates 
inaccuracies caused by injectate handling. 








The IL701 offers a major advantage for accuracy, com- 
pared with other thermal dilution cardiac output sys- 
tems. It has a flow-through probe that measures 
injectate temperature at the catheter lumen, not just 

in the IV bag or bottle. 

This allows the IL instrument to adjust for any injectate 
temperature variations prior to injection—including 
warming during handling of 
the syringe, which can cause 
significant error in 

cardiac output determination. 


Other benefits: Injectate of 
any temperature from O9C to 
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room temperature can be used with the 
IL701. The new system's stainless steel, tef- 
lon coated Injectate Temperature Probe is 
gas or steam sterilizable (and can be 
mounted in the injectate supply container, 
if desired). The IL701's complete integra- 
tion of the time-temperature curve mini- 
mizes the effects of variations in operato 
injection techniques. : 
C. O. or patient temperature is displayed at 
the push of a button. Performance checks 
are easy; maintenance, minimal. IL's pre- 
cision 7F Adult, 7F Animal and 5F Pediatric, 
flow-directed catheters and 2F Open Heart 
catheter are interchangeable without 
recalibration. 

Call toll-free, 800-225-1481 for a demonstre 
tion of the IL701. Also: ask about the 

IL186 WEIL ONCOMETER™ System for 
quantitating the risk of pulmonary edema. 
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a new publication . . . for every professional with an 


interest in Exercise and the Heart 


EXERCISE 
in Cardiovascular 
Health and Disease 


Edited by 

Ezra A. Amsterdam, MD, Chief Coronary Care Unit, 
Univ. of Calif. School of Medicine 

Jack H. Wilmore, PhD, Professor and Head Dept. 
of Physical Education & Athletics, Univ. Arizona 

Anthony N. DeMaria, MD, Dir. Echocardiography Section, 
Univ. of Calif. School of Medicine 
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Just published, this comprehensive work covers every aspect of 
exercise and its role in Diagnosis, Treatment, and Prevention of 
cardiac disease. 


The scope of EXERCISE IN CARDIOVASCULAR HEALTH 
AND DISEASE is so broad that it goes from something as basic as 
a detailed study of the heart muscle itself to the latest advances in 
cardiac rehabilitation. 


Special attention is given to such subjects as: 

O Present status of exercise testing and training in terms of 
physiological bases and clinical applications 

[] Nuclear cardiology 

O Computer analysis of the exercise ECG 

[] Stress myocardial scintigraphy 

O Various interpretations of exercise tests in the asymptomatic 
population 


The editors have brought together a distinguished group of 
specialists—all of whom have made major contributions to the 
field. Included are outstanding scientists, clinicians, exercise 
physiologists, and physical educators. 


For you who have any interest—professional or personal—in 
exercise and the heart, we urge you to /ook at a copy of 
EXERCISE IN CARDIOVASCULAR HEALTH AND DISEASE. 
That's right! You're invited to /ook it over before buying it. 


Send for your copy of Exercise in Cardiovascular Health and 
Disease today. Then use it for 30 days without risk. 
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666 FIFTH AVE., 
NEW YORK, N.Y. 10019 


Please send me a copy of EXERCISE IN CARDIOVASCULAR HEALTH 
AND DISEASE for 30 days free examination and use. If | decide to keep it, 
your invoice will be honored ($33.00 plus shipping cost). Otherwise, the 
book will be returned for full credit or refund. 


O Full payment enclosed, publisher absorbs shipping cost 
O Send invoice (U.S. and Canada only) 


(Countries outside Western Hemisphere: prepay in U.S. funds and add $5. to price) 
New York residents add applicable sales tax 
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With the addition of the moderately-priced Polytrack Modification any Processall gains the added 
flexibility of being able to process 4 films at any interval. Previous to this a Processall was capable of process- 
ing up to 4 film cassettes at one time. But there was a limitation. All 4 had to be started simultaneously. And by 
an experienced operator. 

The advantages of the Polytrack Modification are obvious. The operator doesn't have to wait for the 
first case to be finished before inserting the second, third or fourth film, or stop the machine. During the filming 
of the diagnostic procedure, exposed reels can be fed rightfrom the camera into the Processall without delay. 

As for the machine itself, the fact that Processalls are in daily use at many medical research centers 
and hospitals wherever diagnostic cardiology is being done says more aboutthe unit 
than we ever could. 

And now, with the new Polytrack Modification, the Processall is a more effi- 
cient, more effective, more important diagnostic tool then ever before... at a sur- 
prisingly modest price. 

Without the Polytrack Modification the Processall is considered by many to be 
the best processing machine available for cine fluorography. With the addition of 
Polytrack the best becomes that much better. 

Other advantages of the Processall System. e Finer Grain Yield e Better Res- 
olution e Rapid Development e Fixation and Drying e Variable Speed and Temflera- 
. ture Control e Automated Processing e Consistent Quality e 316L Stainless Steel - 
Construction. 

For more information contact us or your nearest Oscar Fisher dealer. 





Operator removes finished reel from 
machine while other tracks 
continue to be processed. 
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Every Cardiologist, Internist, Pediatrician, Surgeon — Indeed, Every Physi- 
cian — Should Have a Good Basic Knowledge of The Pre-excitation Syn- 
drome. Here Are Just a Few Reasons Why This is so Essential: 


t. Vs of all pre-excitation cases are misdiagnosed. 

_| 5% to 10% of all tachycardias in adults are produced by pre-excitation. 

_) In ¥2 of all infants under 10 months of age with life-threatening tachycar- 
dias, the tachycardias are actually secondary to pre-excitation. 

C] Vs to V of all children with pre-excitation have an additional heart dis- 
ease. 


Starting with Wolff, Parkinson and White's classic paper, this book gives a 
comprehensive summary of all important facts of pre-excitation, plus the 
authors personal experiences of follow-up studies of patients through 
many decades. It also brings a broad view of the literature and discusses 
the different structural and physiological aspects which form the 
pathomechanism of pre-excitation. | X. 

“What is offered richly in this book is a methodical and comprehensive analysis of 
virtually all currently available knowledge on the subject. This is done with an admirable 
even-handedness, dealing objectively with all viewpoints but at the same time eval- 
uating relative strengths and weaknesses of each observation and hypothesis. There is 
brought a wisdom here which only time and experience can provide. The encyclopedic 
references alone would make the book invaluable to anyone seriously interested in the 
Wolff-Parkinson- White syndrome. But when knowledgeable discussion and personal 
observations are added, it is genuinely a monumental contribution to clinical cardiology 
and cardiac electrophysiology. " 


Thomas N. James, MD 
The Mary Gertrude Waters Professor of Cardiology 
and Chairman of the Department of Medicine, 
The University of Alabama in Birmingham, 
and Physician-in-Chief, University of Alabama Hospitals 
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288 pages, 110 illus., 1,000 ref. 


The 13 Chapters Are a Comprehensive Summary 


. General Considerations 

. The Electrocardiogram in the Pre-excitation 
Syndrome: Complexes and Configurations 

. The Electrocardiogram in the Pre-excitation 
Syndrome: Disturbances of Rate and Rhythm 

. Pathology 

. Noninvasive Methods of Investigation 

. Invasive Methods of Investigation 

. Prognosis 

. Treatment 

. Problems of Diagnosis — Some Illustrative 
Cases 

. Summary of Findings and Theories of Pre- 
excitation Syndrome 

. Concept of Interacting Structural and Func- 
tional Factors | 

. Explanation of Some Phenomena of the Pre- — 
excitation Syndrome by the Proposed Concept 

. Various QRS Patterns in the Different Forms 
of Pre-excitation 
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Reserve your copy of the 
PRE-EXCITATION SYNDROME 

by sending in the enclosed order 
form TODAY . . . be sure of receiving 
one of the first copies off the press 
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O Bill me plus cost of shipping 
(J Payment enclosed, publisher pays for shipping 


O Charge my credit card Expire date. 
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Please send me a copy of THE PRE-EXCITATION SYN- ADDRESS 


DROME at $33.00. | may use the book for 30 days and if 
not completely satisfied, return it for full credit or refund. CITY _ 
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Real time saves time 


And gives your cardiac imaging another dimension. 
Your needs as a Cardiologist are as special as the field in 
which you work. You re not looking for instruments 
adapted from other disciplines and you don t require costly 
techniques passed on from other specialists. Picker 
Ultrasound created two totally new diagnostic systems for 
the Cardiologist. Pickers System 80C gives you M-mode 
strip charts of extreme accuracy. And our Cardiac Imager 
adds to that the ability to view the heart in real time, in 
two dimensions. With this second dimension, echocardi- 
ography has come of age. 
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Courtesy of New York University Medical Center, New York, New York. Picker System 80C and Cardiac Imager are UL Listed. 












oney and hearts. 


m MEE 80C. Seeing what you need to see, where you 
E — | need to see it. Pickers System 80C delivers M-mode 
strip charts that combine cardiac image enhancement at 

various depths of the heart structure with ECG, pulse, 
and phonocardiogram. DSA™ (Depth Selective Ampli- 
fication) provides optimum gain settings for each cardiac 
structure. It gives you records that are clear, concise, and 
intensely accurate. 80C is compact, stable, and mobile. 
Your diagnostic capabilities in the CCU, ICU, or ER are 
immediately expanded with 80C. 
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Long axis view of left ventricle and Short axis view of aortic valve showing 
aortic root. bicuspid configuration in systole. 
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Cardiac Imager. The added dimension is dimension. Real-time 
maging adds impressive speed to your diagnosis. Pickers Cardiac 
nager adds two-dimensional imaging to your basic M-mode System 
OC with a wide range of — € frequencies at a price you can 
fford. With System 80CI you can rapidly assess a wide range of 
ardiac dysfunctions. Pickers Cardiac Imager provides the measure- 
ents you need and the accuracy you must have. 

We're committed to cardiology. Whatever the future dimen- 
ions of echocardiography, you can depend on Picker to remain 
t the forefront. Our interests are many and our talents broad, 
ut the field of cardiology and the needs of the Cardiologist A 
stain a top priority at Picker. In devising our System 80C and our 
vardiac Imager, we leaned heavily upon the views of noted Cardiologists 
round the nation. In evaluation after evaluation, we learned from Cardiologists. For more 
iformation on our echocardiography systems or our CIT Financial Corporation services 


OT financing your Picker Inv estment, write 
B ICKE 11 


'icker Corporation, 12 Clintonville Road, Northford, CT 
Ainer Road, Cleveland, OH 44143. ONE OF THE CIT COMPANIES 
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How to Keep Up 
with the Most 
Recent Advances 
in Your Specialty 


in the Comfort of Your Home or Office 






74 ILLUS. 


EDI i 
TED By Lila A. Wallis, MD FACP 


This new book is designed for the busy physician who finds it difficult 
to keep up with the growing literature in his profession. Up until now 
the only way this could be done was to attend such conferences as the 
highly acclaimed Update Your Medicine sponsored by New York 
Hospital, Cornell Medical Center. These programs were developed to 
prepare doctors for Recertification despite heavy work loads. 


The 16 Lectures are Presented in Compact 
Workbook Style for Quick Reading and 
Easy Comprehension: 


. Update Your Endocrinology l: 
Thyroid & Gonad 
. Update Your Endocrinology Il: 
Hypothalamus and Anterior Pituitary 
. Update Your Cardiology 
. Update Your Gastroenterology: 
Chronic Active Hepatitis 
Update Your Gastroenterology: 
GI Hormones 
. Nephrology: Renal Physiology and 
Diuretic Therapy 
. Recent Advances in Cancer 
Chemotherapy 
. Compendium of Antineoplastic Agents 
Update Your Immunology: 
Hypersensitivity States 
Update Your Immunology: 
Immunopharmacology of Asthma 
Advances in Neurology 
Update Your Radiology: Angiography of 
the GI Tract in Management of Acute 
Arterial Bleeding 
Update Your Radiology: Sonography of 
the Abdomen 
Recent Advances in Diabetes Mellitus 
and Hypoglycemia 
. Evaluation of the Program by the Reader 
. Evaluation of the Reader—for the AMA 
Physician's Recognition Award Credits 


AMA Physician's 
Recognition Award 


— 


CORNELL MEDICAL UP- 
DATE | has been ap- 
proved for Category 1 
credit towards the AMA's 
Physician's Recognition 
Award for Continuing Med- 
ical Education. Full details 
on how to apply for credit 
is included with every 
copy. 


Read it for 30 days—FREE 
Use it to check any prob- 
lems which come up in your 
practice throughout a full 
month. Then keep the book 
only if you want it for perma- 
nent reference. Otherwise 
simply return it and owe 
nothing. You have nothing to 
lose and a whole world of 
valuable life-saving knowl- 
edge to gain. Order right 
now! 
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Yorke Medical Books 

666 Fifth Ave., New York, NY 10019 
YES! Please send me a copy of CORNELL MEDICAL UPDATE 
| at $32.00. | may use the book for 30 days and if not com- 
pletely satisfied, return it for full credit or refund. 

[] Payment enclosed, publisher pays shipping cost 

C] Bill me, plus cost of shipping 
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Aldactazide 


(Spironolactone 25 mg./ 
hydrochlorothiazide 25 mg.) 








WARNING 
Spironolactone, an ingredient of Aldactazide, has been shown to be a tumorigen in 
chronic toxicity studies in rats (see Warnings). Aldactazide should be used only in those 
conditions described under /ndications. Unnecessary use of this drug should be 
avoided 

Fixed-dose combination drugs are not indicated fcr initial therapy of edema or 
hypertension. Edema or hypertension requires therapy titrated to the individual 
patient. If the fixed combination represents the dosage so determined, its use may 
be more convenient in patient management. The treatment of hypertension and 
edema is not static, but must be reevaluated as conditions in each patient warrant 











Indications: Cirrhosis of the liver accompanied by edema and/or ascites. Essential 
hypertension, edema of congestive heart failure and the nephrotic syndrome, when other 
measures are considered inappropnate. 

Contraindications: Anuria, acute renal insufficiency, significant impairment of renal 
function, hyperkalemia or acute or severe hepatic failure. Allergy to thiazide diuretics or 
to other sulfonamide-derived drugs 

Warnings: Excessive potassium intake may cause hyperkalemia. Potassium supple- 
ments should not be given with Aldactazide. Do not administer concurrently with other 
potassium-sparing diuretics. Sulfonamide derivatives including thiazides have been 
reported to exacerbate or activate systemic lupus erythematosus 

Spironolactone has been shown to be a tumorigen in chronic toxicity studies in rats. In 
one study using 25, 75 and 250 times the usual daily human dose (2 mg./kg.) there 
was Q statistically significant dose-related increase in benign adenomas of the thyroid 
and testes. In female rats there was a statistically significant increase in malignant 
mammary tumors at the mid-dose only. In male rats there was a dose-related increase 
in proliferative changes in the liver. At the highes! dosage level (500 mg. / kg.) the range 
of effects included hepatocytomegaly, hyperplastic nodules and hepotocellular car- 
cinoma, the last was not statistically significant 

Precautions: Patients should be carefully evaluated for possible disturbances of fluid 
and electrolyte balance. Hyperkalemia may occur in patients with impaired renal func- 
tion or excessive potassium intake and can cause cardiac irregularities which may be 
fatal. Hypokalemia may develop as a result of profound diuresis, particularly when 
Aldactazide is used concomitantly with loop diuretics, glucocorticoids or ACTH. Transient 
elevation of BUN may occur. Dilutional hyponatremia or rarely low-salt syndrome may 
develop Gynecomastia may develop and in rare instances some breast enlargement 
may persist 

Thiazides may alter the metabolism of uric acid and carbohydrates with possible 
hyperuricemia, gout and decreased glucose tolerance. Vascular responsiveness to 
norepinephrine is reduced. Thiazides may also increase the responsiveness to tubo- 
curarine. Thiazides may decrease serum PBI levels and prolonged therapy may induce 
hypercalcemia and hypophosphatemia. 

Spironolactone may and hydrochlorothiazide does cross the placental barrier. Use in 
pregnant women requires that the anticipated benefit be weighed against possible haz- 
ards to the fetus. Breast feeding should be discontinued when Aldactazide is being used 

Adverse Reactions: 

Associated with spironolactone’ Gynecomastia is observed not infrequently. Gas- 
trointestinal symptoms including cramping and diarrhea, drowsiness, lethargy, head- 
ache, maculopapular or erythematous cutaneous eruptions, urticaria, mental confusion, 
drug fever, ataxia, inability to achieve or maintain erection, irregular menses or amenor- 
rhea, postmenopausal bleeding, hirsutism and deepening of the voice. Carcinoma of the 
breast has been reported but a cause-and-effect relationship has not been established 

Associated with thiazides: Gastrointestinal symptoms (anorexia, nausea, vomiting, 
diarrhea, abdominal cramps), purpura, thrombocytopenia, leukopenia, agranulocy- 
tosis, dermatologic symptoms (cutaneous eruptions, pruritus, erythema multiforme), 
paresthesia, acute pancreatitis, jaundice, dizziness, vertigo, headache, xanthopsia, 
photosensitivity, necrotizing angiitis, aplastic anemia, orthostatic hypotension, muscle 
spasm, weakness and restlessness 

Adverse reactions are usually reversible upon discontinuation of Aldactazide 

Dosage and Administration 

Edema in adults: The usual maintenance dose is one tablet four times daily but may 
range from one to eight tablets daily depending on the response fo the initial titration. 

Edema in children: The usual daily maintenance dose should be that which provides 
0.75 to 1.5 mg. of spironolactone per pound of body weight (1.65 to 3.3 mg. /kg.) 

Essential hypertension: Usually two to four tablets daily depending on results of the 
titration of the individual ingredients. 


Searle & Co. 
SEARLE San Juan, Puerto Rico 00936 


Adaress medical inquiries to 

G. D. Searle & Co 

Medical Communications Department 

Box 5110, Chicago, Illinois 60680 i 814-3 
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| I a inalo therapy is tiki ce ^ 


In much the same way that a ru n 
exhausts body stores over the Ic 
course of the marathon, a patien 
undergoing long-term hyperte S 
therapy can lose stores of potass 
and other important electrolytes. 1 
loss can lead to more serious p 
and may impede the course of effe is. 
treatment. Sars 


Inthe hypertensive patient, the ele oe 
vated blood pressure can be caused b a 
excessive fluid volume and/or vasocon- | 
striction. E DE. A E 
Aldactazide (spironolactone 25 mg./ hydrochlorothi- E SI 
azide 25 mg.) decreases fluid volume and reduces pe- ^ - 
ripheral resistance—dual action for more effective ther- 


apy for your hypertensive patient. 


Aldactazide...effective antihypertensive/diuretic un 
"therapy over the long run with less chance of refractorines$ : Ü 


PLUS...aunique potassium safety valve. 


Only ALDACTAZIDE has a unique mode of action that maintains pots- 
PE. onda to help prevent hypokalemia with limited risk of hype 
ailemia di 


Aldactazi 


(spironolactone 25 mg./hydrochlorothiazide 


Effective antihypertensive/di 
PLUS a potassium safety valve — 
when you feel other measures won't d 


AS with any potassium-sparing diuretic/ ^ Fixed-dose combination drugs are 
_ antihypertensive, if renal impairment indicated for initial therapy of hype 
exists or if potassium six pedes are X tension. Hypertension requires therap 
. administered during ALDACTAZIDE titrated to the individual patient. If the 
A therapy, hyperkalemia may occur. fixed combination represents the. 


| dosage so determined, its use may be 
< When other measures are inadequate Ae 
-or inappropriate to control hypertension, Male convenient in patient manage- 
. consider ALDACTAZIDE: 
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For ventricular arrhythmias. 
For atrial arrhythmias. | 
For smooth, trouble-free conversion. 
For steady maintenance. 


o Greater Gl tolerance 
than with quinidine sulfate 
o Full quinidine cardiodynamics 


4 Convenient b.i.d. or t.i.d. dosage 


for most patients 


CARDIOQUIN Tablets (quinidine polygalacturonate) are indi- 
cated in the treatment of a broad range of cardiac arrhythmias 
(see Brief Summary). After conversion to normal sinus rhythm 
—whether with CARDIOQUIN Tablets or electroconversion — 
only low b.i.d. or t.i.d. dosage of this unique polygalacturonate 
salt of quinidine is required for maintenance in most cases. 
The polygalacturonic acid serves as a buffering moiety. It pro- 
tects the mucosa of the stomach and permits dependable 
absorption of the quinidine.* 


*Aviado, D. M., Krantz and Carr's Pharmacologic Principles of Medical 
Practice, ed. 8, Baltimore, Williams and Wilkins Co.. 1972, p. 456. 


BRIEF SUMMARY—INDICATIONS: CARDIOQUIN Tablets (quinidine 
polygalacturonate) are indicated in the treatment of: premature atrial 
and ventricular contractions; paroxysmal atrial tachycardia; parcxys- 
mal AV junctional rhythm; atrial flutter; paroxysmal atria! fibrillation; 
established atrial fibrillation when therapy Is appropriate; paroxysmal 
ventricular tachycardia when not associated with complete heart- 
block; maintenance therapy after electrical conversion of atrial fibril- 
lation and/or flutter. CONTRAINDICATIONS: Aberrant impulses and 
abnormal rhythms due to escape mechanisms should not be treated 
with quinidine. WARNING: In the treatment of atrial flutter reversion 
to sinus rhythm may be preceded by a progressive reduction in the 
degree of AV block to a 1:1 ratio and resulting extremely rapid ven- 
tricular rate, COMPOSITION: Each CARDIOQUIN Tablet (quinidine 
polygalacturonate 275 mg.) is equivalent in quinidine content to 3 
grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage 
must be adjusted to individual needs, both for conversion and main- 
tenance. An initial dose of 1 to 3 tablets may be used to terminate 
arrhythmias, and may be repeated in 3-4 hours. If norma! sinus rhythm 
is not restored after 3 or 4 equal doses, the dose may be increased 
by % to 1 tablet (137.5 to 275 mg.) and adniinis**ered three to four 
times before any further dosage increase. For maintenance, one 
tablet may be used two to three times a day; generally one tablet 
morning and night will be adequate. SUPPLIED: Uncoated, sco: 2d 
tablets in bottles of 50. 


Purdue Frederick 


COOP YRIGHT 1978. THE PURDUE FREDERICK COMPANY/NORWALK. CT 06855 B8297 202478 


CARDIOLOGY. 





Antiarrhythmic Effects of Propranolol, Procainamide, Quinidine and Lidocaine 
Natural History of Myocardial Infarction 


Last Call for Abstracts: ACC 28th Annual Scientific Session 
Miami Beach, Florida, March 11-15, 1979 
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A New Vision 


of Catapres' 
(clonidine HCI) 


The first 20 days 


Catapres lowers blood pressure promptly. 
No contraindications. 


Some patients may have dry mouth, drowsiness, 
and sedation. Tell them that these tend to diminish 
with continued use. 


Giving the larger part of the divided dose at 
bedtime can help alleviate drowsiness ana EN 


The next 20 years 


e Lowered blood pressure 
Little impotence, depression or postural hypotension. 


No fatal hepatotoxicity in over a decade of 
worldwide use. 


d 
Broad therapeutic dosage range to keep step With 
changing dosage needs over the yeas 


* Tolerance may develop in some patients, 
necessitating a reevaluation of therapy. 
For full details on adverse reactions, warnings; and 


precautions, see brief summary of the prescribing 
information on last page of this advertisement. 
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A New Vision 


of Catapres 
(clonidine HCI) 


Tablets of 0.1 and 0.2 mg 
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. What you do the first 20 days 
Can help him the next 20 years 
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Catapres® 
(clonidine hydrochloride) 
Tablets of 0.1 mg and 0.2 mg 


Indication: The drug is indicated in the treatment of 
hypertension. As an antihypertensive drug, Catapres 
(clonidine hydrochloride) is mild to moderate in poter 
It may be employed in a general treatment program 
with a diuretic and/or other antihypertensive agents 
as needed for proper patient response. 


Warnings: Tolerance may develop in some patients 
necessitating a reevaluation of therapy. 

Usage in Pregnancy: In view of embryotoxic findings 
animals, and since information on possible adverse 
effects in pregnant women is limited to uncontrolled 
clinical data, the drug is not recommended in women 
who are or may become pregnant unless the potentia: 
benefits outweigh the potential risk to mother and fet 
Usage in Children: No clinical experience is available 
with the use of Catapres (clonidine hydrochloride) in 
children. 


Precautions: When discontinuing Catapres (clonidine 
hydrochloride), reduce the dose gradually over 2 tc 

4 days to avoid a possible rapid rise in blood pressur 
and associated subjective symptoms such as nervous 
ness, agitation, and headache. Patients should be 
instructed not to discontinue therapy without consulti 
their physician. Rare instances of hypertensive encep 
lopathy and death have been recorded after cessatior 
of clonidine hydrochloride therapy. A causal relation- 
ship has not been established in these cases. It has 
been demonstrated that an excessive rise in blood pr 
sure, should it occur, can be reversed by resumption 
of clonidine hydrochloride therapy or by intrave- 
nous phentolamine. Patients who engage in poten- 
tially hazardous activities, such as operating machint 
or driving, should be advised of the sedative effect. 
This drug may enhance the CNS-depressive effects o 
alcohol, barbiturates and other sedatives. Like any ot 
agent lowering blood pressure, clonidine hydrochlori! 
should be used with caution in patients with severe 
coronary insufficiency, recent myocardial infarction, 
cerebrovascular disease or chronic renal failure. 

As an integral part of their overall long-term care, 
patients treated with Catapres (clonidine hydrochlori 
should receive periodic eye examinations. While, 
except for some dryness of the eyes, no drug-related 
abnormal ophthalmologic findings have been recorde 
with Catapres (clonidine hydrochloride), in several 
studies the drug produced a dose-dependent increas 
in the incidence and severity of spontaneously occur 
ring retinal degeneration in albino rats treated for 
6 months or longer. 


Adverse Reactions: The most common reactions are 
dry mouth, drowsiness and sedation. Constipation, 
dizziness, headache, and fatigue have been reported 
Generally these effects tend to diminish with continu 
therapy. The following reactions have been associate 
with the drug, some of them rarely. (In some instanct 
an exact causal relationship has not been establishe 
These include: Anorexia, malaise, nausea, vomiting, 
parotid pain, mild transient abnormalities in liver fun 
tion tests; one report of possible drug-induced hepa- 
titis without icterus and hyperbilirubinemia in a patie 
receiving clonidine hydrochloride, chlorthalidone, an 
papaverine hydrochloride. Weight gain, transient ele 
tion of blood glucose, or serum creatine phosphokint 
congestive heart failure, Raynaud's phenomenon; viv 
dreams or nightmares, insomnia, other behavioral 
changes, nervousness, restlessness, anxiety and met 
depression. Also rash, angioneurotic edema, hives, 
urticaria, thinning of the hair, pruritus not associated 
with a rash, impotence, urinary retention, increased 
sensitivity to alcohol, dryness, itching or burning of t 
eyes, dryness of the nasal mucosa, pallor, gyneco- 
mastia, weakly positive Coombs' test, asymptomatic 
electrocardiographic abnormalities manifested as 
Wenckebach period or ventricular trigeminy. 


Overdosage: Profound hypotension, weakness, somn 
lence, diminished or absent reflexes and vomiting fol 
lowed the accidental ingestion of Catapres (clonidin 
hydrochloride) by several children from 19 months to 
5 years of age. Gastric lavage and administration of i 
analeptic and vasopressor led to complete recovery 

within 24 hours. Tolazoline in intravenous doses of 

10 mg at 30-minute intervals usually abolishes all ef- 
fects of Catapres (clonidine hydrochloride) overdosat 


How Supplied: Catapres, brand of clonidine hydro- 
chloride, is available as 0.1 mg (tan) and 0.2 mg 
(orange) oval, single-scored tablets in bottles of 100 


and 1000. d 
For complete details, please see full prescribing 


information. 
Under license from Boehringer Ingelheim GmbH 


4 li, Boehringer Ingelheim Ltd. 
m Ridgefield, CT 06877 
Mi e 
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A LIFETIME 


of BIOCOMPATIBILITY 


Finally, a pacemaker that is so natural your patients will hardly know it's there! 


Our new slim L-600 Ovalith complements the body more than ever before. It will ease the 
anxiety about wearing a pacemaker, and with our new Patient Lifetime Protection Plan. 
we make it possible for your patient to enjoy a lifetime of comfort and confidence. 


For more information about our newest biocompatible ovalith pacer and Patient Lifetime 
Protection Plan, write Marketing Services, Coratomic, Inc., P.O. Box 434, Indiana, PA | 15701 
or call (800) 245-6886, toll free. In Pennsylvania call (412) 349-1811, collect. 
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When used with another diuretic, 'Dyrenium' has an additive effect; initial dosage of 
both agents should usually be reduced; careful supervision and dosage adjustment 
are required. K* supplements should be discontinued and not reinstituted unless 
hypokalemia develops or dietary K* intake is markedly reduced. K* supplements 
are contraindicated when 'Dyrenium' is used alone. Hyperkalemia can occur, but it is 
rare when renal function is normal. Serum K* and BUN should be checked regularly 
(see Warnings below). 


Before prescribing, see complete prescribing 
information in SK&F literature or PDA. The 
following is a brief summary. 

Indications: Edema associated with congestive 
heart failure, cirrhosis and nephrotic syndrome; 
steroid induced edema, idiopathic edema, and 
edema due to secondary hyperaldosteronism, to 
increase diuresis in patients resistant to other 
diuretics. Routine use of diuretics in healthy preg- 
nant women is inappropriate; they are indicated in 
pregnancy when edema is due to pathological 
causes (see Warnings). 

Contraindications: Anuria. Severe or progressive 
kidney disease or dysfunction. Severe hepatic 
disease. Pre-existing elevated serum potassium. 
Hypersensitivity. Continued use in developing 
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Warnings: Observe regularly for possible blood 
dyscrasias, liver damage or other idiosyncratic 


reactions. Check BUN and serum potassium period- 
ically, especially in the elderly, diabetics, and those 
with suspected or confirmed renal insufficiency. 
Use in pregnancy requires weighing anticipated 
benefits against possible hazards to the fetus, in- 
cluding adverse reactions which have occurred in 
the adult. Triamterene may appear in breast milk. If 
its use is essential, the patient should stop nursing. 
‘Dyrenium’ and spironolactone are not usually used 
concurrently; if they are, however, frequent serum 
potassium determinations are required. 
Precautions: |f hyperkalemia develops, withdraw 
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imbalance, low-salt syndrome (with low salt intake), 
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terene is a weak folic acid antagonist. Do periodic 
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Concomitant use with antihypertensive drugs may 
result in an additive hypotensive effect. When 
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Description: Klorvess Effervescent Tablets: Each dry, sodium- 

and sugar-free effervescent tablet contains 20 mEq each of 

potassium and chloride supplied by potassium chloride 1.125 g, 

eria bicarbonate 0.5 g, L-lysine monohydrochioride 0.913 g. 
issolution of the tablet in water provides the potassium and 

chloride available for oral ingestion as potassium chloride, 

ponen bicarbonate, potassium citrate and L-lysine mono- 
ydrochloride. 


Klorvess (potassium chloride) 1096 Liquid: Each tablespoon- 
ful (15 ml) contains 20 mEq of potassium chloride (provided 
by potassium chloride 1.5 p in a palatable, cherry-with-pit 
flavored vehicle, alcohol 1%. 


Indications: For the prevention and tieatment of potassium 
depletion and hypokalemic-hypochloremic alkalosis. 

Deficits of body potassium and chloride can occur as a con- 
sequence of therapy with potent diuretic agents and adrenal 
corticosteroids. 


Contraindications: Severe renal impairment characterized by _ 
azotemia or oliguria, untreated Addison's disease, Familial Periodic 
Paralysis, acute dehydration, heat cramps, patients receiving 
aldosterone-inhibiting or potassium-sparing diuretic agents, or 
hyperkalemia from any cause. 


Precautions: In response to a rise in the concentration of body 
potassium, renal excretion of the ion is increased. In the presence 
of normal renal function and hydration, it is difficult to produce 
potassium intoxication by oral potassium salt supplements. 


Since the extent of potassium deficiency cannot be accurately 
determined, it is prudent to proceed cautiously in undertaking 
potassium replacement. Periodic evaluations of the patient's 
clinical status, serum electrolytes and the EKG should be carried 
out when replacement therapy is undertaken. This is particularly 
important in patients with cardiac diseese and those patients 
receiving digitalis. 


High serum concentrations of potassium may cause death 
through cardiac depression, arrhythmia or cardiac arrest. 


To minimize gastrointestinal irritation associated with potassium 
chloride preparations, patients should dissolve each Klorvess 
Effervescent Tablet in 3 to 4 ounces of water or fruit juice, or 
dilute each tablespoonful of Klorvess (potassium chloride) 10% 
Liquid in 3 to 4 ounces of water. Both of these solutions should 
be ingested slowly with or immediatelv after meals. 


Adverse Reactions: Abdominal discomfort, diarrhea, nausea and 
vomiting may occur with the use of potassium salts. 


The symptoms and signs of potassium intoxication include 
paresthesias, heaviness, muscle weakness and flaccid paralysis 
of the extremities. Potassium intoxication can produce listless- 
ness, mental confusion, a fall in blood pressure, shock, cardiac 
arrhythmias, heart block and cardiac arrest. 


The EKG picture of hyperkalemia is characterized by the early 
appearance of tall, peaked T waves. The R wave is decreased in 
amplitude and the S wave deepens; the QRS complex widens 
progressively. The P wave widens and decreases in amplitude 
until it disappears. Occasionally, an apparent elevation of the RS-T 
"à and a cove plane RS-T segment and T wave will be noted 
In : 


Dosage and Administration: Klorvess Effervescent Tablets: Adults 
—One Klorvess Effervescent Tablet (20 mEq each of potassium 
and chloride) completely dissolved in 3 to 4 ounces of cold © 
water or fruit juice 2 to 4 times daily depending upon the require- 
ments of the patient. 


Klorvess potassium chloride) 10% Liquid: Adults—One - 
tablespoonful (15 ml) of Klorvess Liquid (20 mEq of potassium 
chloride) completely diluted in 3 to 4 ounces of water 2 to 4 times 
daily depending upon the requirements of the patient. 


_ Both of these solutions should be ingested slowly with meals or 
immediately after eating. Deviations trom these recommended 
dosages may be indicated in certain cases of hypokalemia based 
upon the patient’s status. The average total daily dosage must be 
governed by the patient's response as determined by frequent 
evaluation of serum electrolytes, EKG and clinical status. 


Overdosage: Potassium intoxication may result from overdosage 
of potassium or from therapeutic dosage in conditions stated 
under “Contraindications."’ Hyperkalemia, when detected, must 
P eir immediately because lethal levels can be reached in a 
ew hours. 


Treatment of Hyperkalemia: 1. Dextrose solution, 10 or 25% 
containing 10 units of crystalline insulin per 20 g dextrose, 
given IV in a dose of 300 to 500 ml in an hour. 2. Adsorption and 
exchange of potassium using sodium or ammonium cycle cation 
exchange resins, orally and as retention enema.. (Caution: 
Ammonium compounds should not be used in patients with 
hepatic cirrhosis.) 3. Hemodialysis and peritoneal dialysis. 

4. The use of potassium-containing foods or medicaments must 
be eliminated. In digitalized patients too rapid a lowering of 
plasma potassium concentration can cause digitalis toxicity. 


How Supplied: Klorvess Effervescent Tablets (white) —60 tablets 
(2 Rx units of 30 effervescent tablets each). Each tablet is indi- 
vidually foil wrapped. Klorvess (potassium chloride) 10% Liquid 
(dark red)—as a cherry-with-pit flavored liquid in pint and gallon 
bottles. Klorvess Tablets and Liquid are also available in institu- 
tional packaging as follows: Klorvess Tablets—30 and 1000 
tablets; Klorvess Liquid—36 (3 x 12) x 4 oz Unit-of-Use bottles 
and 100 (4 x 25) x 15 ml Unit-Dose bottles. 
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Massachusetts, 617-443-9969. 
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345 Myocardial Imaging With Thallium-201: A Multicenter Study in Patients With Angina Pectoris or Acute 
Myocardial Infarction 


JAMES L. RITCHIE, BARRY L. ZARET, H. WILLIAM STRAUSS, BERTRAM PITT, DANIEL S. BERMAN, 
HEINRICH R. SCHELBERT, WILLIAM L. ASHBURN, HARVEY J. BERGER and GLEN W. HAMILTON 


This multicenter cooperative study of 190 patients employing rest and exercise thallium-201 myocardial imaging 
found that smaller infarctions, as assessed with serum enzyme values, and diaphragmatic infarctions were less 
commonly detected than larger or anterior infarctions. These results suggest that myocardial imaging comple- 
ments the electrocardiographic identification of acute myocardial infarction or exercise-induced myocardial 
ischemia. The diagnostic sensitivity of rest/exercise thallium-201 imaging, when combined with rest/exercise 
electrocardiography, was greater than that achieved with either study alone. This combination detected coronary 
disease in 91 percent of all patients with angiographically documented coronary artery disease. 


Exercise-Induced Left Ventricular Dysfunction in Symptomatic and Asymptomatic Patients With Aortic 
Regurgitation: Assessment With Radionuclide Cineangiography 


JEFFREY S. BORER, STEPHEN L. BACHARACH, MICHAEL V. GREEN, KENNETH M. KENT, 
WALTER L. HENRY, DOUGLAS R. ROSING, STUART F. SEIDES, GERALD S. JOHNSTON and 
STEPHEN E. EPSTEIN. With the technical assistance of BONNIE MACK 


Left ventricular ejection fraction determined with noninvasive radionuclide cineangiography increased with exer- 
cise in 30 normal subjects. In patients with severe aortic regurgitation the ejection fraction was normal at rest 
in 14 of 21 symptomatic patients but normal during exercise in only 1. Ejection fraction was normal at rest in 21 
of 22 asymptomatic patients but was normal during exercise in only 13. Exercise-induced left ventricular dys- 
function can precede symptoms and dysfunction at rest. Such serial assessment may prove useful in following 
the degree of left ventricular function in patients before the onset of symptoms or of irreversible left ventricular 
failure. Such subnormal ejection fractions during exercise generally appear before the manifestations of left 
ventricular dysfunction commonly assessed noninvasively or at cardiac catheterization. 


358 Prevalence of Right Ventricular Involvement in Inferior Wall Infarction Assessed With Myocardial 
Imaging With Thallium-201 and Technetium-99m Pyrophosphate 


FRANS J. TH. WACKERS, K. |. LIE, ELLINOR BUSEMANN SOKOLE, JAN RES, 
JAN B. VAN DER SCHOOT and DIRK DURRER 


Thallium-201 and technetium-99m pyrophosphate myocardial imaging studies in 78 consecutive patients with 
acute inferior wall infarction revealed right ventricular involvement but no signs of severe right ventricular fail- 
ure. Some may have had subclinical right ventricular dysfunction. In patients with acute inferior wall infarction 
and signs of severe pump failure, dual imaging with these agents provides a simple noninvasive method of rec- 
ognizing the subgroup of patients with hemodynamic deterioration due to major right ventricular involvement. 
Appreciation of the condition and subsequent appropriate treatment with volume loading may be life-saving in 
this group who classically show low cardiac output and elevated right ventricular pressures responding with an 
increase of cardiac output on volume loading. 
Continued on page A13 
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ing therapy Rare cases of what 
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reported, usuatiy at the initia- 
tion of therapy On those un 
common occasions when ad- 
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of undesirable symptoms 
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363 Metabolic Responses of the Heart in Acute Myocardial Infarction in Man 


HILTRUD S. MUELLER, and STEPHEN M. AYRES 


Acute myocardial infarction evokes a characteristic neurohumoral response in which catecholamine release is 
increased, plasma contents of free fatty acids and glucose are elevated and glucose tolerance is diminished. A 
total of 173 metabolic studies of the myocardium initiated during the first 12 hours of myocardial infarction were 
performed in 50 patients with acute transmural infarction. Forty-one percent showed a pattern of predominant 
myocardial free fatty acid uptake in the presence of elevated plasma free fatty acid and glucose contents; 21 
percent revealed normal myocardial metabolism; 18 percent showed enhanced carbohydrate uptake; 20 per- 
cent showed high plasma substrate uptake suggesting metabolic breakdown. In this study patients with high 
plasma catecholamine and free fatty acid contents with increased myocardial free fatty acid uptake and lowered 
myocardial respiratory quotient had more complications than those with predominant carbohydrate or normal 
metabolic patterns. Because salvage of the endangered myocardium has a major priority, dampening of the 
sympathetic response with beta adrenergic blockade appears promising for most patients without evidence of 
significant ventricular failure. 


372 Exercise Training and Plasma Catecholamines in Patients With Ischemic Heart Disease 


JON D. COOKSEY, PATRICIA REILLY, SANDRA BROWN, HOWARD BOMZE and PHILIP E. CRYER 


This study of a 3 month program of exercise training in 10 patients with ischemic heart disease supports the con- 
clusion that regular exercise training reduces the myocardial oxygen cost of a given exercise load, as reflected 
by a decreased heart rate-systolic arterial pressure product at a given level of exercise. The maximal heart rate- 
systolic arterial pressure product attained with maximal treadmill exercise was increased in 6 of the 10 subjects. 
After exercise training patients showed a significant reduction in plasma norepinephrine during supine rest and 
a decrease in epinephrine and norepinephrine at a given level of treadmill exercise. These findings suggest that 
the adaptation of the cardiovascular system to exercise training is partially mediated by way of the sympathetic 
nervous system and is reflected by a reduced output of catecholamines at a given work level. Sympathetic activ- 
ity is better tolerated in trained patients who can attain higher levels of maximal heart rate, blood pressure and 
plasma catecholamine concentration after regular exercise training. 


377 Slow Filling Period/Rapid Filling Period Ratio in the Apexcardiogram: Relation to the Diagnosis of 
Coronary Artery Disease 


AGENOR SILVESTRE, GURMIT SANDHU, KENNETH B. DESSER and ALBERTO BENCHIMOL 


Analysis of apexcardiograms in 68 consecutive patients with normal findings of coronary artery disease on car- 
diac catheterization indicate that the slow/rapid filling period ratio is a useful noninvasive measurement for iden- 
tifying subjects with ischemic heart disease. Increased values associated with obstructive coronary lesions may 
be caused by impairment of early left ventricular distensibility. This ratio should be determined in patients with 
other forms of heart disease to determine its specificity. These data suggest that the ratio of slow filling period 
to rapid filling period frequently (in 86 percent of the patients) exceeds 2.8 in patients with angiographically dem- 
onstrated occlusive coronary artery disease and identifies 94 percent of patients with a left ventricular end-dia- 
stolic pressure greater than 12 mm Hg. This externally derived measurement appears to be more sensitive than 
the a/H ratio for ascertaining the presence or absence of coronary atherosclerosis in patients with chest pain. 


383 Mitral Valve Motion and Changes in Left Ventricular End-Diastolic Pressure: A Correlative Study of the 
PR-AC Interval 


J. RANDOLPH LEWIS, JOHN O. PARKER and GARY W. BURGGRAF 


Manipulating left ventricular end-diastolic pressure in 22 patients undergoing cardiac catheterization while re- 
cording the mitral valve echogram, these investigators found the PR-AC interval of limited value in predicting ab- 
normal values or serial changes in left ventricular end-diastolic pressure. In the resting state a PR-AC interval 
greater than 0.06 second correctly predicted a left ventricular end-diastolic pressure of less than 20 mm Hg in 
15 of 16 subjects. A short PR-AC interval (0.06 second or less) incorrectly predicted a left ventricular end-dia- 
stolic pressure greater than 20 mm Hg in four of six subjects. A poor correlation was found between the PR-AC 
interval and left ventricular end-diastolic pressure after maneuvers that increased or decreased left ventricular 
end-diastolic pressure. 
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Hygroton 50c aaay 


(cniorthalidone USP) 


E locks sodium retention longer 


1 In the hypertensive patient, 1.06 grams of 
retained sodium* can cause a 300 ml. expan- 
sion of fluid volume, which can increase blood 
volume by 100 ml., or 296. 


A chronic 296 increase in blood volume can 
lead to as much as a 24 to 46 mm. Hg 
increase in diastolic blood pressure. * 





@ Diuretics reduce blood pressure by blocking 
Ww the renal retention of sodium and water. To 
assure continuous control of hypertension, many 
leading medical authorities have concluded that 


this action should be sustained around the clock 2° 


Hygroton blocks sodium retention longer than any 
other diuretic available. 


In practice, Hygroton once-a-day assures sim- 
plicity, convenience and compliance without sacri- 
ficing 24-hour natriuretic activity. 


Hygroton 50535 aaay 


(chiorthalidone USP) 


Blocks sodium 
retention longer 


ANL//SV USV Laboratories Inc. 


LABORATORIES Manati, PR. 00701 


"All values given in this example are approximations based on standard 
physiologic data and solute-volume relationships 





*From a baseline of 80 mm. Hg diastolic 


BRIEF SUMMARY 
Indications: Hypertension, adjunctive therapy in edema 


Contraindications: Anuria, hypersensitivity to chlorthalidone or 
other sulfonamide-derived drugs. 


Warnings: Should be used with caution in severe renal disease, 
impaired hepatic function or progressive liver disease. May add to 
or potentiate the action of other antihypertensive drugs. Sensitivity 
reactions may occur in patients with a history of allergy or 
bronchial asthma. Thiazides cross the placental barrier and 
appear in cord blood. Use in pregnant women requires that the 
anticipated benefits of the drug be weighed against possible 
hazards to the fetus. These hazards include fetal or neonatal 
jaundice, thrombocytopenia, and possibly othar adverse 
reactions which have occurred in the adult. In nursing mothers, 
thiazides cross the placental barrier and appear in breast milk. If 
use of the drug is essential, the patient should stop nursing 


Precautions: Periodic determination of serum electrolytes to 
detect possible electrolyte imbalance should be performed at 
appropriate intervals. All patients receiving chlorthalidone should 
be observed for clinical signs of fluid or electrolyte imbalance; 
namely, hyponatremia, hypochloremic alkalosis, and 
hypokalemia. Serum and urine electrolyte determinations are 
particularly important when the patient is vorriting excessively or 
receiving parenteral fluids. Medication such as digitalis may also 
influence serum electrolytes. Hypokalemia may develop with 
chlorthalidone as with any other potent diuretic. especially with 
brisk diuresis, when severe cirrhosis is present, or during 
concomitant use of corticosteroids or ACTH. Interference with 
adequate oral electrolyte intake will also contribute to 
hypokalemia. Digitalis therapy may exaggerate metabolic effects 
of hypokalemia especially with reference to myocardial activity. 
Any chloride deficit is generally mild and usually does not require 
specific treatment except under extraordinary circumstances (as 
in liver disease or renal disease). Dilutional hyponatremia may 
occur in edematous patients in hot weather. Hyperuricemia may 
occur or gout be precipitated in certain patients. Insulin 
requirements in diabetic patients may be increased, decreased, 
or unchanged and latent diabetes mellitus may become manitest. 
Chlorthalidone and related drugs may increase the 
responsiveness to tubocurarine. The antihypertensive effects of 
the drug may be enhanced in the postsympathectomy patient. 
Chlorthalidone and related drugs may decrease arterial 
responsiveness to norepinephrine. If progressive renal 
impairment becomes evident, as indicated by a rising nonprotein 
nitrogen or blood urea nitrogen, a careful reappraisal of therapy is 
necessary with consideration given to withholding or 
discontinuing diuretic therapy. Chlorthalidone and related drugs 
may decrease serum PBI levels without signs of thyroid 
disturbance. 


Adverse Reactions: Anorexia, gastric irritation, nausea, vomiting, 
cramping, diarrhea, constipation, jaundice (intrahepatic 
cholestatic jaundice), pancreatitis; dizziness, vertigo, 
paresthesias, headache, xanthopsia: leukopenia, 
agranulocytosis, thrombocytopenia, aplastic anemia: purpura, 
photosensitivity, rash, urticaria, necrotizing angiitis (vasculitis) 
(cutaneous vasculitis), Lyell's syndrome (toxic epidermal 
necrolysis). Orthostatic hypotension may occur and may be 
aggravated by alcohol, barbiturates or narcotics. Other adverse 
reactions include hyperglycemia, glycosuria, hyperuricemia, 
muscle spasm, weakness, restlessness, impotence. Whenever 
adverse reactions are moderate or severe, chlorthalidone dosage 
should be reduced or therapy withdrawn 


Usual Dose: One tablet daily. 


How Supplied: Tablets— 100 mg. (white, scored) and 50 mg. 
(aqua) in bottles of 100 and 1000; PAKs of 28 tablets. boxes of 6; 
unit-dose blister packs, boxes of 100 (10 x 10 strips) 
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388 Echocardiography: Pericardial Thickening and Constrictive Pericarditis 
INGELA SCHNITTGER, ROBERT E. BOWDEN, JACK ABRAMS and RICHARD L. POPP 


. Although present criteria for pericardial thickening on M mode echocardiography include several patterns con- 
sistent with pericardial thickening, these are not specifically pathognomonic of constrictive pericardial disease. 
In this study seven echocardiographic patterns consistent with pericardial adhesions or pericardial thickening 
were found in 167 patients. The hemodynamic diagnosis of constrictive pericardial disease in these patients was 
associated with the echocardiographic finding of pericardial thickening, but there were no consistent echocar- 
diographic patterns of pericardial thickening diagnostic of constriction. Certain other echocardiographic abnor- 
malities of left ventricular posterior wall motion and interventricular septal motion and a high E-F, slope were 
found suggestive of constriction. This appearance, together with pericardial thickening, especially in a patient 
without known cause of pericardial thickening, strongly suggests constrictive pericarditis. 


396 Carotid Sinus Hypersensitivity and Syncope 
PAUL F. WALTER, |. SYLVIA CRAWLEY and EDWARD R. DORNEY 


Although the hyperactive carotid sinus reflex is estimated to be found in approximately one third of older men 
with coronary atherosclerotic and hypertensive heart disease, most such patients are asymptomatic. This study 
of 21 men with episodes of lightheadedness or syncope, or both, associated with a hypersensitive carotid sinus 
reflex revealed the cardioinhibitory type in 17, the vasodepressor type in 2 and a combination of both types in 
2. The insertion of a permanent pacemaker benefited the patients with the cardioinhibitory type with multiple ep- 
isodes of syncope. Electrophysiologic studies in 17 patients with the cardioinhibitory type suggest that intrinsic 
sinus nodal dysfunction is not the major cause for asystole after carotid sinus stimulation. The results of sinus 
nodal recovery time in these patients were of little value in selecting patients for pacemaker therapy. 


404 Initiation of Two Distinct Forms of Atrioventricular Nodal Reentrant Tachycardia During Programmed 
Ventricular Stimulation in Man 


RUEY J. SUNG, JANUARIUSZ L. STYPEREK, ROBERT J. MYERBURG and AGUSTIN CASTELLANOS 


During the study of eight patients with supraventricular tachycardia two distinct forms of A-V nodal reentrant 
tachycardia were elicited during programmed ventricular stimulation: (1) a slow-fast form using a slow A-V nodal 
pathway for anterograde conduction and a fast A-V nodal pathway for retrograde conduction, and (2) a fast-slow 
form with a tachycardia circuit in a reversed direction. Their initiation depended on differences in the electro- 
physiologic properties of fast and slow A-V nodal pathways during retrograde conduction. This phenomenon oc- 
curred in 8 of 42 patients with paroxysmal supraventricular tachycardia associated with dual A-V nodal pathway 
conduction. This study also demonstrated that both forms of A-V nodal reentrant tachycardia can be elicited from 
the atria as well as from the ventricles. 


416 Sustained Ventricular Tachycardia: Evidence for Protected Localized Reentry 


MARK E. JOSEPHSON, LEONARD N. HOROWITZ, ARDESHIR FARSHIDI, SCOTT R. SPIELMAN, 
ERIC L. MICHELSON and ALLAN M. GREENSPAN 


Evaluation of 26 patients in whom sustained ventricular tachycardia could be reproducibly initiated or terminat- 
ed, or both, suggests that the reentrant circuit must be small, electrocardiographically silent and relatively pro- 
tected. The His bundle, proximal His-Purkinje system and the major portions of the ventricles appear not to be 
incorporated in the reentrant pathway. The bulk of evidence still suggests that sustained ventricular tachycardia 
that can be reproducibly initiated or terminated, or both, with programmed stimulation is due to reentry, although 
triggered automaticity as a mechanism of ventricular tachycardia cannot be totally excluded in all patients. 


EXPERIMENTAL STUDIES 


425  Precordial Mechanical Stimulation for Exposing Electrical Instability in the Ischemic Heart 
BERNARD LOWN, RICHARD L. VERRIER and CHARLES M. BLATT 


After experimentally produced coronary arterial occlusion in dogs, sequential mechanical pulsing of the chest 

wall with three stimuli evoked in 11 of 12 animals repetitive ventricular responses, including ventricular fibrilla- 

tion in 7 and ventricular tachycardia in 2. Precordial pulsing induced repetitive ventricular arrhythmias in four 
Continued on page A19 
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conscious animals after their recovery from myocardial infarction. The basis for the effectiveness of the me- 
chanical stimulus is that it depolarizes myocardial fibers by transduction of the mechanical pulse into an electri- 
cal depolarization, the heart responding as a mechanoelectrical transducer. Adapting this technique of precor- 
dial mechanical stimulation to elicit a single repetitive ventricular response may be a method of detecting pa- 
tients at high risk for sudden cardiac death from malignant ventricular arrhythmias. 


429 Progressive Transmural Electrographic, Myocardial Potassium lon/Sodium lon Ratio and 
Ultrastructural Changes As a Function of Time After Acute Coronary Occlusion 


VIDYA S. BANKA, MONTY M. BODENHEIMER, KODANGUDI B. RAMANATHAN, GEORGE A. HERMANN 
and RICHARD H. HELFANT 


These data in eight dogs after experimentally produced acute coronary occlusion show the dynamic evolution 
of an acute myocardial infarction involves a sequential progression from endocardium to epicardium as a func- 
tion of time, resulting in an epicardial ‘‘border zone” in the early stages after the infarction. The process of in- 
farction within the central zone is nonhomogeneous. In the early stages the epicardial layer of the central zone 
exhibits characteristics of a true border zone, and viable and salvageable myocardium may exist in the central 
and surrounding border zones. The salvageability may depend on the time elapsed after the coronary occlusion, 
myocardial oxygen requirements and the availability of accessory blood supply. 


METHODS 


444  Computer-Assisted Reporting System for the Follow-Up of Patients With Prosthetic Heart Valves 


DAVID C. MacGREGOR, H. DOMINIC COVVEY, GREGORY J. WILSON, LEONARD SCHWARTZ, 
HUGH E. SCULLY and E. DOUGLAS WIGLE 


This comprehensive computer-assisted data collection, management and reporting system was developed and 
successfully used to provide adequate follow-up of more than 2,000 prosthetic valve operations. Such com- 
puter-assisted methodology permits direct access to relevant information and helps to create an environment 
in which essential research can be carried out in the face of demanding clinical practice. 


453  Transvascular Endomyocardial Biopsy in Infants and Small Children: Description of a New Technique 
PAUL R. LURIE, MASAHIRO FUJITA and HARRY B. NEUSTEIN 


First developed in small dogs and then proved safe and effective in rabbits weighing 3 kg, this miniaturized tech- 
nique for transcatheter endomyocardial biopsy detailed in this report was safely performed in 10 children aged 
4 1/2 months to 5 1/2 years. None had a biopsy-related complication except for an anemia in one patient. One 
or two premature ventricular contractions occurred in each patient at the moment the specimens were taken. 
The additional time to take six specimens averaged about 1 hour. 


PEDIATRIC CARDIOLOGY 


458 Life Expectancy Without Surgery in Tetralogy of Fallot 


ENRIQUE G. BERTRANOU, EUGENE H. BLACKSTONE, JANE B. HAZELRIG , MALCOLM E. TURNER, Jr. 
and JOHN W. KIRKLIN 


Survival data obtained from all published autopsy cases of patients with tetralogy of Fallot who died without sur- 
gical treatment and Danish data on living persons with tetralogy of Fallot in 1949 indicate that 66 percent of such 
patients live to age 1 year, 49 percent to age 3 years and 24 percent to age 10 years. Thereafter, the hazard 
function remains constant. The data support the generally accepted concept that the natural history of persons 
born with tetralogy of Fallot is determined primarily by the severity of the pulmonary stenosis, as demonstrated 
by the tendency of persons with pulmonary atresia to die at a younger age than those without pulmonary atresia 
or the group as a whole. Because about one half of surgically untreated patients with tetralogy of Fallot die in the 
first 2 years of life, surgical programs for persons with this malformation should include techniques for surgical 
intervention in the early months and years of life. 


Continued on page A21 
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ance testing procedures, ECG data-phone trans- 
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Solid return 
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The Burdick EK-5A electro- 
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467 Association of Interrupted Aortic Arch With Malformations Producing Reduced Blood Flow to the 
Fourth Aortic Arches 


G. WILLIAM MOORE and GROVER M. HUTCHINS 


This postmortem examination of the hearts of 12 patients with interrupted aortic arch, a rare congenital malfor- 
mation of the great arteries with loss of continuity between the proximal portion of the aortic arch and the de- 
scending aorta, suggests that this condition is associated with malformations of the heart and great arteries that 
produce a reduced blood flow to the embryonic fourth aortic arches. Typically there is an interventricular com- 
munication and pathway of the ductus arteriosus through which flow passes into the descending aorta. The 12 
hearts could be classified into four categories: 7 with normally formed A-V valves and a significant pulmonary 
arterial override over the ventricular septal defect; 2 with significant mitral valve obstruction but normally formed 
outflow tracts; 2 with double inlet left ventricle and transposition of the great arteries; and 1 with truncus arterio- 
sus malformation. Interrupted aortic arch may be due to the disappearance of the normally persisting connection 
between the fourth and sixth arches as a result of flow imbalance in early cardiogenesis. 


REPORTS ON THERAPY 


473  Antiarrhythmic Drug Effect Assessed From Ventricular Arrhythmia Reduction in the Ambulatory 
Electrocardiogram and Treadmill Test: Comparison of Propranolol, Procainamide and Quinidine 


ROGER A. WINKLE, ALAN H. GRADMAN and JOHN W. FITZGERALD. With the technical assistance of 
PATRICIA A. BELL 


A 5 week study in 17 patients with frequent ventricular ectopic complexes showed that the ambulatory 24 hour 
electrocardiogram detected more qualitative types of ventricular arrhythmias than the exercise treadmill test. 
Of the three antiarrhythmic drugs tested, propranolol was associated with fewest side effects and procainamide 
with the most during short-term administration. Both quinidine and procainamide were more likely than propran- 
olol to produce nearly complete suppression of arrhythmias. These data suggest that quinidine may be the most 
useful of the three drugs for suppressing asymptomatic ventricular ectopy in individual patients. Only 44 percent 
of 16 patients using this drug could have had 90 percent suppression of ventricular ectopic complexes without 
side effects. Additional studies appear indicated to demonstrate what level and what type of arrhythmia suppression, 
if any, correlate with a reduction in sudden death. 


481 Reduced Quinidine Clearance in Elderly Persons 
HERMANN R. OCHS, DAVID J. GREENBLATT, ELAINE WOO and THOMAS W. SMITH 


This study demonstrates a significant prolongation of the elimination half-life (7.3 hours) of quinidine and a reduc- 
tion in the rate of its total clearance in healthy volunteers aged 60 years or older compared with values in 
subjects aged 34 years or less. The rates of renal clearance of creatinine and quinidine were lower in the elderly 
and highly correlated. The results suggest that hepatic biotransformation and renal excretion of quinidine de- 
crease with age. The choice of quinidine dose schedules in clinical practice should take into account the age of 
the patient. A decreased rate of quinidine clearance in the elderly could predispose to excessive drug accumula- 
tion and possibly toxicity unless doses are appropriately adjusted. 


486 Efficacy of Lidocaine in Preventing Primary Ventricular Fibrillation Within 1 Hour After a 300 mg 
Intramuscular Injection. A Double-Blind, Randomized Study of 300 Hospitalized Patients With Acute 
Myocardial Infarction 


K. |. LIE, KOEN L. LIEM, WILLEM J. LOURIDTZ, MICHIEL J. JANSE, ALBERTUS F. WILLEBRANDS 
and DIRK DURRER 


The incidence of major ventricular arrhythmias in the first 60 minutes after the injection of lidocaine or sodium 
chloride placebo and the mortality rate were equal in both the treated and control groups of 300 patients admit- 
ted to the hospital within 6 hours of myocardial infarction. The ineffectiveness of the intramuscular injection of 
300 mg of lidocaine is attributed to the inadequate blood levels attained by this dose. Lidocaine caused no major 
side effects such as respiratory arrest or epileptic seizures, but nine patients showed drowsiness, numbness of 
tongue and lips or speech disturbances. All deaths occurred after termination of the trial. These data suggest that 
a larger lidocaine dose seems to be required to prevent primary ventricular fibrillation than to suppress ventricu- 
lar ectopic complexes. 
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Although your patient may never be adrift in the 
Pacific, wouldn't it be reassuring to know. that his 
pacemaker is the most reliable available? . . That 
the manufacturer has an outstanding reputation 
for reliability and innovation in the industry? 


If you implant or recommend the use of one of 
the Pacesetter lithium powered pulse generators, you 
can rest assured that it will still be working year after 
year. We guarantee it. Our reliability was engineered-in 
from the very first, not inspected-in afterward. We 
even offer the only lead warranty in the business. Years 
of trouble-free implants all over the world, in addition 
to stringent inspection and quality assurance procedures 
make these statements possible. 


Pacesetter’s Reliability 
Takes away the worry 








Your Pacesetter representative will be extreme 
helpful in evaluating the proper pulse generators an 
lead systems to meet your patients’ needs. You'll fir 
that all Pacesetter representatives are as reliable | 
our product — in offering outstanding service ar 
technical support 24 hours a day. 


To arrange for one of our people to show you th 
complete Pacesetter picture call (toll free, of course 
800-423-5611 and ask for "Professional Service." 

Where Reliability is a Way of Life! 
Pacesetter Systems, Inc. — 
12740 San Fernando Road, Sylmar, California 91342 U.S./ 
1(800) 423-5611 Telex: 69815 €able: PACESETTE 
In California call collect: (213) 367-191 
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EPIDEMIOLOGY 


489 Natural History of Myocardial Infarction in the Coronary Drug Project: Long-Term Prognostic 
° Importance of Serum Lipid Levels 


CORONARY DRUG PROJECT RESEARCH GROUP 





Data in 2,789 men in the Coronary Drug Project placebo group show a clear-cut significant relation between > 
baseline serum cholesterol level and long-term prognosis for men recovered from myocardial infarction, but no a 
such relation for serum triglycerides. Findings indicative of cardiovascular status at baseline evaluation, particu- 
larly the state of the myocardium, were even more powerful prognosticators than the level of serum cholesterol 
in these postmyocardial infarction patients. Safe nutritional means of reducing serum cholesterol may be useful 
after myocardial infarction as part of the total therapeutic regimen to improve long-term prognosis. 


DIAGNOSTIC SHELF 


499 Retrograde Block During Dual Pathway Atrioventricular Nodal Reentrant Paroxysmal Tachycardia 1 
ROBERT A. BAUERNFEIND, DELON WU, PABLO DENES and KENNETH M. ROSEN 1 


Electrophysiologic studies in two patients with second degree retrograde block during dual pathway A-V nodal 
reentrant paroxysmal tachycardia showed that the site of block was intraatrial in one and probably A-V nodal in E 
the other. It is likely that the administration of procainamide played a role in the development of the intraatrial 
block. These studies also suggest that the atria are not a necessary part of the reentrant pathway and that A-V 
nodal reentry can occur only in patients with intact retrograde conduction. Although paroxysmal wide QRS tachy- 
cardia with retrograde block suggests ventricular tachycardia, these two patients demonstrate that a tachycardia 
of this type could be A-V nodal reentrant paroxysmal tachycardia. 


506  Electrophysiologic Observations in a Patient With Bradycardia-Dependent Atrioventricular Block y 


DELON WU, PRAKASH DEEDWANIA, RAMESH C. DHINGRA, RICHARD M. ENGLEMAN and 3 
KENNETH M. ROSEN 1 


This study demonstrates that bradycardia-dependent block can present with both sustained and paroxysmal 
atrioventricular (A-V) block. With bradycardia-dependent block the nonconducted impulses penetrate to the site 
of block and reset the state of membrane responsiveness. It also shows that second degree tachycardia-depen- r 
dent block occurring at a proximal site (A-V node) associated with bradycardia-dependent block at a distal site b 
can produce advanced second degree A-V block, as in this 62 year old patient with apparent tachycardia-depen- > 
dent A-V block. 


CASE REPORTS h- 
513  Electrophysiologic Effects of Acute Myocardial Infarction in Man 


ISAAC WIENER, BRUCE MINDICH and JOEL KUPERSMITH 4 


A surface electrocardiogram and a bipolar electrogram from the left ventricle of a conscious patient recorded 3 
before and after development of a myocardial infarction showed areas of delayed epicardial action and diminu- Y 


tion of local voltage. This serendipitous observation suggests that the electrophysiologic mechanisms of infarc- 1 
tion in man are similar to those of infarction in the dog. This delay in epicardial activation may be important in the 3 
pathogenesis of reentrant ventricular arrhythmias. 
517 Unusual Vasomotor Coronary Arterial Responses After Nitroglycerin a 


ROBERT L. FELDMAN, CARL J. PEPINE and C. RICHARD CONTI 


Angiographic evidence of right coronary arterial narrowing after the administration of sublingual nitroglycerin in 
two patients argues against routine use of this agent before coronary arteriography. These unexpected vasomo- 
tor responses were unaccompanied by clinical complaints or chest pain. No explanation is offered for this coro- 
nary vasomotor response to nitroglycerin. 


Continued on page A25 
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ECG System........ 


Small size and long duration (a week or more) makes this 
ECG recorder ideal for determination of causes of tran- 
sient dyspnea, angina, cerebral ischemia, transient 
arrhythmias, and for cardiac rehabilitation programs. 






Simple playback of programmed and patient activated 
recordings directly into office ECG unit. No scanning or 
data processing equipment required. 


Patient activated mode and voice recordings simplify 
detection of ECG abnormalities and accurate correlation 
with symptoms or activity being investigated. 


Phone transmission directly from Cardiocassette II to any 
ECG receiver facilitates remote analysis or consultation. 


For a demonstration or more information write or 
call collect. 
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A. Pichard 


Clinical Correlates of Left Ventricular Cavity Obliteration—J. E. Val Mejias 
Leukocytic Scintigraphy After Cardiac Transplantation—R. F. Gillum and B. E. Sobel 
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Prescribe Tunturi exercise for your patients. 
Work is measured ina watt load range of 25 to 
300wat50rpm. The Tunturiis quiet, affordable 
and portable, with quality Finnish construc- 
tion. It’s rehabilitation your patients can live 
with. 

Distribution Centers in Seattle, Los Angeles, 
Chicago, Houston and Baltimore. 


Call Amerec collect at 206-454-2161 fòr 
complete information, including profes- 
sional discounts. 

Imported and Distributed Nationally by: 
Amerec Corp., Fitness Equip. Div. 
P.O. Box 3825, Bellevue, WA 98009 
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| PRONESTYL* TABLETS (Procainamide Hydrochloride Tablets) 


PRONESTYL* CAPSULES (Procainamide Hydrochloride Capsules U.S.P.) 


The prolonged administration of procainamide often leads to the 
development of a positive anti-nuclear antibody (ANA) test with or 
without symptoms of lupus erythematosus-like syndrome. If a positive 
ANA titer develops, the benefit /risk ratio related to continued pro- 


cainamide therapy should be assessed. This may necessitate consid- 
erations of alternative anti-arrhythmic therapy. 
DESCRIPTION: Pronestyl (Procainamide Hydrochloride) is the amide 
analogue of procaine hydrochloride and is available for oral adminis- 










| tration as capsules and veneer-coated tablets providing 250 mg., 375 


mg., and500 mg. procainamide hydrochloride. 


| CONTRAINDICATIONS: In patients with myasthenia gravis and where a 











hypersensitivity to procainamide exists; bear in mind cross sensitivity to 
procaine and related drugs. Should not be given to patients with com- 
plete atrioventricular heart block. Contraindicated in cases of second 
degree and third degree A-V block unless an electrical pacemaker is 
operative. 

ADMINISTRATION: Should procainamide therapy be continued for any 
appreciable period, electrocardiograms should be made occasionally to 
determineitsfurther need. 

PRECAUTIONS: Evidence of untoward myocardial response should be 
carefully watched for in all patients. In the presence of myocardial dam- 
age with atrial fibrillation or flutter, the ventricular rate may increase 
suddenly as the atrial rate is slowed; adequate digitalization reduces but 
does not abolish this danger. Ventricular tachysystole is particularly 
hazardousif myocardial damage exists. 

The dislodgment of mural thrombi producing an embolic episode may 
occur in correcting atrial fibrillation due to the forceful contractions of 
the atrium. 

Extreme caution is required in attempting to adjust the heart rate when 
ventricular tachycardia has occurred during an occlusive coronary epi- 
sode or where the use of procainamide may result in additional depres- 
sion of conduction and ventricular asystole or fibrillation as in second 
degree and third degree A-V block, bundle branch block, or severe 
digitalisintoxication. 

Bear in mind when treating ventricular arrhythmias in patients with 
severe organic heart disease and ventricular tachycardia that complete 


|! heart block, which may be difficult to diagnose, may be present. Since 


asystole may result if the ventricular rate is significantly slowed without 
attainment of regular atrioventricular conduction, procainamide should 
be stopped and the patient re-evaluated. 

In the presence of both liver and kidney damage, normal dosage may 


| produce symptoms of overdosage— principally ventricular tachycardia 


andsevere hypotension. 

A syndrome resembling lupus erythematosus has been reported with 
maintenance procainamide therapy. Common symptoms are polyarth- 
ralgia, arthritis and pleuritic pain. Fever, myalgia, skin lesions, pleural 
effusion and pericarditis may also occur. Rare cases of thrombocyto- 
penia or Coombs-positive hemolytic anemia, possibly related to this 
syndrome, have been reported. Measure anti-nuclear antibody titers at 
regular intervals in patients on procainamide for extended periods of 
time or in whom symptoms suggestive of lupus-like reaction appear; in 
event of rising titer (anti-nuclear antibody) or clinical symptoms of LE, 
assess the benefit/risk ratio related to continued procainamide therapy 
(see boxed Warning). Steroid therapy may be effective if discontinuation 
of procainamide does not cause remission of symptoms. If the syndrome 
develops in a patient with recurrent life-threatening arrhythmias not 
otherwise controllable, steroid-suppressive therapy may be used con- 
comitantly with procainamide. 


| ADVERSE REACTIONS: Hypotension is rare with oral administration. 


Serious disturbances of cardiac rhythm such as ventricular asystole or 
fibrillation are more common with I.V. administration. 

Large oral doses may sometimes produce anorexia, nausea, urticaria, 
and/or pruritus. 

A syndrome resembling lupus erythematosus has been reported (see 
Precautions). Reactions consisting of fever and chills have been re- 
ported, including a case with nausea, vomiting, abdominal pain, acute 
hepatomegaly, and a rise in serum glutamic oxaloacetic transaminase 
following single doses of the drug. Agranulocytosis has been occasion- 
ally reported following repeated use of the drug, and deaths have oc- 
curred. Therefore, routine blood counts are advisable during 


| maintenance procainamide therapy; and the patient should be in- 


structed to report any soreness of the mouth, throat, or gums, unex- 
plained fever or any symptoms of upper respiratory tract infection. If any 
of these symptoms should occur and leukocyte counts indicate cellular 
depression, procainamide therapy should be discontinued and appro- 
priate treatment should be instituted immediately. Bitter taste, diarrhea, 


| weakness, mental depression, giddiness, psychosis with hallucinations, 


and hypersensitivity reactions such as angioneurotic edema and macu- 
lopapular rash havebeen reported. 

The package insert should be read carefully to become familiar with 
the recommended dosage for the indicated conditions and for full pre- 
scribing information. 

HOW SUPPLIED: Pronestyl Tablets (Procainamide Hydrochloride Tab- 


| lets) and Pronestyl Capsules (Procainamide Hydrochloride Capsules 


| U.S.P.) providing 250 mg., 375 mg., and 500 mg. are available in bottles of 


100 and Unimatic* single-dose packaging in cartons of 100. The 250 mg. 
and500 mg.tabletsand capsules are also available in bottles of 1000. 
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tried 


true 


in the treatment of 
life-threatening arrhythmias 
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Documented effectiveness in ventricular 
arrhythmias; indicated for certain atrial 
arrhythmias as well. 

Backed by 26 years of clinical experience; 
over 15,000,000 prescriptions written! 


Extensively used and studied in post-MI 
patients. 


Compatibility with other cardiovascular 
drugs researched. 


Three oral strengths (250mg, 375mg, 
500mg) for dosing flexibility; 
available in easy-to-swallow 

veneer coated tablets. 


See preceding page 
for brief summary. 


Pronestyl Tablets 


Procainamide Hydrochloride Tablets 
Trustworthy antiarrhythmic therapy 


Let over 190 world-renowned MD's 
bring you up-to-date on current 
progress in biological and chemical 
research in and the treatment of 


PROCEEDINGS 

OF THE SECOND 
INTERNATIONAL 
SYMPOSIUM 











HELD IN JULY 1976 AT STANFORD UNIVERSITY 
ASSISTED BY THE NATIONAL INSTITUTE OF ARTHRITIS, 
METABOLISM, AND DIGESTIVE DISEASES 


Edited by EUGENE M. FARBER, M.D. 


Chairman, Department of Dermatology, Stanford 
University 


and ALVIN J. COX, M.D. 


Professor of Pathology in Dermatology, Stanford 
University 

in association with Paul H. Jacobs, M.D., 

Professor of Clinical Dermatology, Stanford University 
and M. Lexie Nall, M.A., Stanford University 


All 98 presentations 

43 Plenary Papers and 55 Brief Communications 
professionally edited for convenient reference 
augmented by authoritative panel reviews 
which drew on the knowledge and experience 
of nearly 200 scientists from 27 countries. 


See and consult this unique information source 
without cost or obligation for 30 days. 


Yorke Medical Books 
666 FIFTH AVE., NEW YORK, N.Y. 10019 


[] Please send me a copy of PSORIASIS for 30 days 
free examination and use. If | decide to keep it, your 
invoice will be honored ($35.00 plus shipping cost). 
Otherwise, the book will be returned for full credit or 
refund. 


[J Full payment enclosed, publisher absorbs shipping cost. 

[] Send invoice (U.S. and Canada only) 
Countries outside Western Hemisphere: $40.00 prepaid in U.S. 
funds. 
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BRIEF SUMMARY OF PRODUCT INFORMATION 
BALLOON WEDGE PRESSURE CATHETERS 


indications: For sampling blood for oxygen levels and measuring pressures 
in the right heart, including central venous, right ventricular, pulmonary 
artery, and pulmonary artery wedge pressure. Also indicated in anatomical 
cardiac defect cases to sample blood and measure pressures in any chamber 
that can be entered from the right heart. Warning: Pulmonary artery perfora- 


tion, thrombosis, segmental pulmonary infarction, transient obstruction of 
the pulmonary outflow by the inflated balloon, balloon rupture without 
serious sequelae, premature ventricular contractions, and knotting of the 
catheter have been reported as complications of the use of balloon catheter 
Balloon rupture with possible latex embolus is a potential ċomplication in 
the use of balloon catheters. Precaution: In pressure monitoring at bedside 
when catheter has been introduced in an antecubital vein, patient's arm 
should be immobilized to reduce the possibility of catheter advancement dug 
to arm motion 


BERMAN ANGIOGRAPHIC CATHETER 

Indications: For use in right-heart catheterization for cardiac angiography, 
pulmonary angiography, and measurement of right-heart and pulmonary 
artery pressures. It can be used to inject radiopaque media and measure 
pressures in any chambers and vessels that can be entered from the right 
heart. Warnings: Angiograms should be done with balloon inflated to mini- 
mize myocardial staining. When injecting radiopaque media, do not exceed 
stated maximum flow rate and pressure. Transient obstruction of the pul- 
monary outflow tract, balloon rupture without serious sequelae, premature 
ventricular contractions, and knotting of catheters are reported complication 
of the use of balloon catheters. Balloon rupture with possible latex embolus 
is a potential complication in the use of balloon catheters. Precaution: Manip 
ulate catheter carefully and gently to avoid kinking or knotting 


BIPOLAR TEMPORARY PACING W/STYLET AND BALLOON 
TEMPORARY PACING CATHETERS 


indications: For temporary transvenous cardiac pacing when impulse forma- 
tion or conduction is impaired. Warnings: Myocardial perforation, fibrillation 
and arrhythmia, pulmonary embolism, thrombus formation, and infection are 
general complications of transvenous pacing. Balloon rupture with possible 
latex embolus, vessel perforation, and intimal disruption are potential com- 
plications of use of balloon temporary pacing catheters. With the trans- 
brachial approach, malpositioning and perforation occur more frequently 
due to arm movement. Pneumothorax, air embolism, and puncture of the 
subclavian artery have been reported with the subclavian approach. Pre- 
cautions: Avoid kinking or bending catheter to prevent damage to internal 
wires or occlusion of inflation lumen (in balloon pacing catheter). Maintain 
insertion site with regular meticulous redressing performed with aseptic 
technique. Remove stylet from Bipolar Pacing Catheter after it is in position 
because leaving stylet in situ increases the potential for perforation 


FOR BALLOON CATHETER USE, IN GENERAL 

General Warnings: Carbon dioxide must be used to inflate balloon if there is 
a possibility that balloon rupture would result in air embolism-in the left hear 
or systemic circulation. Do not inflate balloon beyond stated maximum 
inflation capacity. Exercise care when passing catheters in patients with left 
bundle-branch block because right bundle-branch block induced by trau- 
matic catheter passage could result in complete heart block and asystole 
General Precautions: Do not use liquids as balloon-inflation media. Pass 
catheter with continuous cardiographic monitoring and fluoroscopic guid- 
ance, and confirm final tip position by X-ray. Deflate balloon prior to with- 
drawing catheter to avoid possible valve damage. Use aseptic technique 
throughout procedure. All catheters are for single use only. Do not resterilizg 
or reuse. Federal law (U. S.A.) restricts these devices to sale by or on the 
order of a physician. Contraindication: Not for use except as indicated 


For complete use information, see the package insert. 





oetter cardiac catheter, 
starts with a built-in tip. 


— + 


The Extracorporeal built-in tip, | 
balloon deflated. 


*- 


Other manufacturer's built-on 
tip, balloon deflated. 


As you can see, the Extracorporeal be matched only by a larger- when drugs or dye must be injected. 
tip is smooth, tapered, unruffled, diameter competitive catheter. è More sizes available. Especially in 
suture free, no wider than the e The tip is suture-free, eliminating Berman angiographic and wedge 
catheter itself. The benefits are clotting caused by the sutures’ pressure models. And we can 
built-in: irregular surface. supply custom catheters, too. 


* The introducer is the same sizeas Beyond the tip, a host * Even our package works hard 
the catheter.* Not larger. This of other benefits. for you. Each cotheter comes in its 
means a smaller insertion hole `“ *Inflation is more convenient own sterile peel-pack that stores 
and less likelihood of trauma and because every Extracorporeal easily and has a fold down tab 
intimal damage. And it simplifies balloon catheter is packaged for quick identification. 
introducer selection. with an appropriately sized e Our new brochure has all the 

e Less blood is lost. Because the syringe. facts. Just let us know where you 
introducer is smaller and because — ® Pure platinum electrodes for are and we'll send you one. Call 
the catheter fits it snugly the entire better electrical characteristics. your Extracorporeal representa- 
length of the catheter. Blood may alter the conductivity tive, or write or call us toll free: 

e Our tapered tip has a larger properties of stainless steel and 800-523-1740. 
lumen which reduces the likeli- couse inferior readings. That's With one small exception—the Extracorporeal 4F 
hood of clotting and makes it why our balloon pacing catheters -77 56524 Ne size introducer 


easier to introduce drugs and employ only inert platinum for extracorporeal 


dyes. 3 r | nd 
YT i elect odes i é Extracorporeal Medical Specialties, Inc. 
e A smaller diameter catheter ma * High pressure tubing used in our Royal & Ross Roads, King of Prussia, Pa. 19406 USA 215-337-2400 


be used, because a larger lumen - Berman angiographic catheters CO 
also produces pressure measure- permits higher pressures to be 
ments of a fidelity that can usuall used to achieve better flow rates IC dee ar pedea apre er TA 

















TS Te rr xy a PET th co Tee ee ya [oS MSDS CUT ; u——— v 
. À td AER PrE SEES EPP a a a eee Wy Pa Te PTT 
i 


That idea, of course, was to record 24 
hours of heart activity while the patient 
followed his daily routine. Holter also 
introduced a method of reviewing, at high 
speed on a CRT, the large amount of 
information thus gathered. 

Since then, technical developments 
have allowed us to extend this idea to a 
more valuable diagnostic tool. Working 
with computers, we have been able to get 
much more out of the recorded data — "He UR due ae 
and get it more reliably. ee Re 

A good example is the graphic sum- rre rd. aa use. peque 
maries of ectopic activity which are a part 
of our LCG Report. Neither an examiner 
nor a computer alone could feasibly 
provide this kind of graphic information 
to the physician. Together they provide 
it accurately and reliably. 

In this exclusive Clinical Data pro- 
cedure, the computer displays detected 
ectopic events to the examiner for valida- sii 
tion and quantitation. Then the computer QU 
prints out, for each focus, a graphic sum- a 
mary of the frequency per hour of ectopic 
activity, and a quantitation of the number 
of singles, pairs, and runs that occurred 
for each focus during each hour of the 
recording. 

LCG means service, too. We provide 
the optimum number of recorders you may 
need, and we maintain, replace or update 
them. Turn-around-time is short, often 24 
hours. But before any report is delivered, 
itis reviewed by our supervising RN's. 

A lot has happened since 1961. Let us 
bring you up to date with the complete 
LCG story, including a sample Report. 

Clinical Data, Inc., 1371 Beacon Street, 
Brookline, Mass. 02146. Telephone toll 
free 1-800-225-9180. 


Clinical Data, Inc. 


Accurate Data, Clearly Reported 
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The Clinical Data LCG: 


It brings Holters idea into the 
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ISORDIL 


isosorbide dinitrate 


HELPS THE HEART 
IN THE CONTROL OF 
ANGINA PECTORIS 











- to abort orgifevent 
acu natia attacks 
ISORDII* SUBLINGUAL 






(rig f A X 
uguale, 2-4 me and > me ISQRDIIS. TITRADOSE* + | ja8gainstangina ` 
ISORDIL CHEWABLE Oral Tablets'with E.Z. Split? scoring: . 13 ISORDIL" TEMBIDS? Capsules: 
Chewable Tablets, 10 mg 5 mg, 10mg, and 20 mg =~ $ Sustamed-Action Capsules, 40 mi 

€ j . ^ 


i 


Indications: Based on-a r&view of this drug by the National Academy of 
Sciences: 











aces — National Research Council and/or other information, FDA has 
clasŝifięd the indications as follows: | 
"Prabably effective: When taken by the sublingual or chewable route, 
lsordit Sublingual and Chewable Tablets are indicated for the treatment of 
acute anginal attacks and for prophylaxis-im-situations likely to provoke 
such attacks, ~ ee ee 

“Possibly” effective: When takén by tHe oral route, Isordil is indicated for 
the relief of angina pectoris (pain.ot.coronaryrartery disease). It ts not in- 
tended to abort the acute anginal episode, but is-widely-regarded as 
useful in the prophylactic treatment Of angina pectoris. 

Final classification ef the less-than-effective indications requires further 
investigation. h 





Contraindication: Idiosyacresy to this drug. 
Warnings: Data supporting the us&of nitrites during the early days of the 
acute phase of myocardial infarction (thesperiod during which clinical and 
laboratory findings are unstable) are insufficient to-establish safety. 
Precautions: Tolerance to this drug and cross-tolerance to other nitrites and 
nitrates may occur. 


‘\for.more accurate 
titration of dosage to |) 
prevent angina attacks | | 


The established use of Isordil in the manage- 
ment of angina pectoris for more than two 
decades has often been ascribed only to the vaso- 
dilatation it produces in the coronary arteries. 
Recent investigations, however, suggest that an 
even more important effect of this agent is to 
dilate peripheral arteries and veins. Arterial dila- 
tation lowers impedance to left ventricular ejec- 
tion, reducing afterload. Venous dilatation leads . 
to venous pooling and a fall in right and left ven- 
tricular filling pressure, thus reducing preload. 


With afterload and preload reduced, the 
amount of energy expended and oxygen con- 
sumed by the heart should be decreased. Isordil 
canthus reduce myocardial oxygen requirements 
and relieve or prevent attacks of angina pectoris. 
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Advefse Rea on vasodilation, with flushing. Headache iS. com- 

“fon and may be sevéce and persistent. Transient episodes of dizziness and 
weakness as well as‘other signs of cerebral iscMgmia associated with — '. 
postural hypotensid may: 4 ose |: develop. This drug can actasa > 
physiological antaggnist fo Rorepinephring, acetylchóline, histamine, and ` 
many other agents /An occasional individual exhibits marked sensitivity to ~ 
the hypotensive effects of nitrite, and severe responses (nausea, vomiting, ` 
weakness, restidsshess, pallor; perspiration and collapse) can occur even 
with the usual therapeutic dose. Ah ad 
and/onexfotiative dermatitis may occasionally occur. 


Consult direction circular before prescribing. 


May we send you reprints, detailed information and/or professional 
samples ? 


IVES LABORATORIES INC. e), 


New York, New York 10017 
DEDICATED TO IMPROVING THE QUALITY OF LIFE THROUGH MEDICINE * 


TU'S: Pat. Nos. 3883647 and 0224591 TEMBIDS* — TRADEMARK FOR SUSTAINED-ACTION CAPSULES 


enhance this effect. Drug rash — 
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Comltortable Tests, Immediate 
Results with a Waters Oxygen 


The Waters system can provide you with 
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instantaneous and continuous 0, measurements 
during stress testing — without needlessly 


encumbering your patient. | 
The Waters way is non-invasive. Your patient 


breathes into a face mask attached to a servo 1 
em blower — naturally and comfortably. There is no 
e restricting mouthpiece or noseclip, no valves 


in the airstream, and no psychological burden to 
your patient. 

And, you can see the results while you test. 
The system's computer accumulates the data 
on-line, giving you a dynamic permanent 
recording in two scales: liters/min or ml/min 
per Kg, for stress testing or routine 0, consump- 
tion studies. 

For comprehensive literature and prices, 
contact Waters, the versatile systems supplier of 
cardiac output instrumentation. 


Enhancing Life through 
Quality Instrumentation. 
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WATERS INSTRUMENTS, INC. 
P.O. Box 6117 

Rochester, Minnesota 55901 /U.S.A. 
507/288-7777 Cable WATCO 
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Change of pace... 


From CPI, 

the versatile 

new MICROLITH-P for 
precision programming 
of both pulse rate 

and width at the 

touch of a button. 


People change. And because a pacemaker must become 
an integral part of a human being, CPl« designed the new 
MICROLITHw-P, the only non-invasive programming system 
that makes precise adjustment of both pulse rate and width 
a simple pushbutton operation. With the quartz-crystal- 
controlled MICROLITH-P. you can adjust rate from 30 to 119 
ppm in single pulse increments... width from 0.1 to 1.9 

ms in 0.1 ms increments [.05 ms can also be programmed 
Its all done with a compact, digital programmer thats 

easier to use than a pocket calculator. It takes less than 2.5 
seconds. And a simple EKG reading lets you know 
immediately that the program's been accepted. Fast, flexible 
accurate pace-changing at your office or the hospital. 


Even the shape of the MICROLITH-P is new. Semi-elliptical 
With more rounded surface on the external side to look 

and feel more natural...to reduce risk of pocket complica- 
tions. With more flat surface on the internal side to minimize 
migration and tissue erosion. Small. Thin. Lightweight. 

A shape thats a natural to simplify implantation and assure 
patient comfort. 


And theres more eSuperior moisture resistance thanks to 

a special new parylene coating used only by CPI for encapsulat- 
ing internal circuitry e Time-tested lithium power source and 
hybrid C-MOS circuitry e Predictable 2-step elective replacement 
time (ERT) indicator e Excellent electromagnetic interference 
(EMI) rejection e Runaway protection e Multiple hermetic 
sealing e X-Ray identification e Demand mode with choice of 
unipolar and bipolar configurations e Compatibility with most 
commonly used leads e A limited warranty for up to 6 years* 


MICROLITH-P...another advanced CPI pacing system 
backed by 5 years of successful experience with lithium pulse 
generators that continue to set industry standards for reliability 
Find out more today by writing or calling CPI toll free, 
800-328-9588 


*Warranty statement available upon request 





Cardiac Pacemakers. Inc 

4100 North Hamline Avenue 

P.O. Box 43079 

St. Paul, Minnesota 55164, U.S.A 
Telephone: (612) 631-3000 
Cable: Cardiapace, St. Paul 
Telex: 29-7049 





© 1978 Cardiac Pacemakers. Ini 
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mU NENNEN ert ee 
Two out of every five Ryperteneives 


found to be h perlipidemic 
in recent study’ 


Lipid abnormalities are often part of a broader 
clinical picture. For example, a recent study? 
reports an association between hypertension and 
hypertriglyceridemia—the most common form of 
hyperlipidemia. (See table below.) 


Incidence of Hyperlipidemia 








Type of Hypertensives Normotensives 
Hyperlipidemia* (89 subjects) (89 subjects) 
Type IIA 9% (8) 7% (6) 
Type IIB 6% (5) 3% (3) 
Type IV 2696 (23) 1196 (10) 

Total 41% (36) 2196 (19) 








*Hyperlipidemia was diagnosed when cholesterol levels exceeded 282 mg% 
and /or triglycerides were over 177 mg%—cutoft points higher than the usual 
upper limits of normal 
Adapted from Thomas, G. W., et al" 


The essential measurements— 
cholesterol and triglycerides 


Today, lipid determinations are recommended as 
part of every general medical examination. 


Because elevated lipids may coexist with high 
blood pressure, it is especially important to screen 
hypertensive patients for hyperlipidemia. Testing 
for both cholesterol and triglycerides is considered 
essential,?-5 since it increases the chances of 
detection from 6 out of 10 to 9.5 out of 10.5 


AN IMPORTANT NOTE: It has not been established 
whether the drug-induced lowering of serum cholesterol or 
lipid levels has a detrimental, beneficial, or no effect on the 


morbidity or mortality due to atherosclerosis or coronary 
heart disease. Several years will be required before current 
investigations will yield an answer to this question. 
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When diet alone 





ds . 
(C clofibrate) ) ce ao j 


significantly lowers 
serum levels of 1 
cholesterol and/or 
triglycerides 





Proved effective in study after study 3 
In clinical studies involving patients with 3 
drug-responsive hyperlipoproteinemia, diet plus F 
ATROMID-S (clofibrate) lowered serum cholesterol E 
levels from 2296 to as much as 5296 and reduced E 
triglyceride values over a range of 1996 to 80%.7-12 P 
Patient acceptance is generally good 3 


In more than a decade of use, clofibrate has been 
generally well tolerated. Major adverse effects 
are primarily gastrointestinal, with nausea being s 
predominant. Other G.I. reactions include loose A 
stools, flatulence, abdominal distress, and, 

infrequently; gallstones. Less common reactions 

include muscle cramping, myalgia, and alopecia. 

Please see “Important Note” at left and Warning on | 
concomitant anticoagulant usage in prescribing a 
information on following page. E 


EE 


The most widely prescribed antilipemic agent — 


Atromid-S Aerst: 


clofibrate) 


See next page of this advertisement for prescribing information. E 


A27 a 


i -- $ 
=. = 


Wt 
Ce TTL e DES 





l l ANN 
T | | AO 


a 


i. 


Ma ma) *- 
pr mY . 
E RE 


wu 
+ ety, E > 


| Atromid-S clo 


brate 
2 capsules bid. 


m BRIEF SUMMARY 

= (For full prescribing information, see package circular.) 
. . ATROMID-S* Brand of clofibrate 
Antilipidemic agent for reduction of elevatec serum lipids 


INDICATIONS: ATROMID-S is indicated as adjunctive therapy in patients who do not 
: - respond adequately to diet and other measures for the reduction of elevated serum 

cholesterol (especially the beta lipoprotein fraction) and/or triglycerides. Clofibrate ap- 
pears to have a greater depressant effect on the very low density lipoproteins (S, 20- 
400) rich in triglycerides than the low density lipoproteins (Ss 0-20) rich in cholesterol. 
ATROMID-S is also indicated for treatment of patients with xanthoma tuberosum asso- 
ciated with hyperlipidemia. The skin lesions frequently regress with clofibrate. 


It has not been established whether the drug-induced lowering of serum cholesterol or 
lipid levels has a detrimental, beneficial, or no effect on the morbidity or mortality due to 
atherosclerosis or coronary heart disease. Several years will be required before current 
investigations will yield an answer to th's question. 


CONTRAINDICATIONS: Clofibrate is contraindicated in pregnant women. While 
teratogenic studies have not demonstrated any effect attributable to clofibrate, it is known 
that serum of the rabbit fetus accumulates a higher concentration of clofibrate than that 
—.. found in maternal serum, and it is possible that the fetus may not have developed the 
-.. enzyme system required for the excretion of clofibrate. 


It is contraindicated in lactating women since it is not known if clofibrate is secreted in the 
... milk. 
— Itis contraindicated in patients with clinically significant hepatic or renal dysfunction. 


— [tis contraindicated in patients with primary biliary cirrhosis since it may raise the already 
. elevated cholesterol in these cases. 


WARNINGS: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGULANTS ARE 

.. GIVEN IN CONJUNCTION WITH ATROMID-S. THE DOSAGE OF THE ANTICOAGULANT 
- SHOULD BE REDUCED USUALLY BY ONE-HALF (DEPENDING ON THE INDIVIDUAL 

- CASE) TO MAINTAIN THE PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT 

— BLEEDING COMPLICATIONS. FREQUENT PROTHROMBIN DETERMINATIONS ARE 
—— ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE PROTHROMBIN 
. LEVEL HAS BEEN STABILIZED. } 


Strict birth control procedures must be exercised by women of childbearing potential. 
- |n patients who plan to become pregnant, clofibrate should be withdrawn several 
|. months before conception. Because of the possibility of pregnancy occurring despite 
— birth control precautions in patients taking clofibrate, the possible benefits ot the drug 
— to the patient must be weighed against possible hazards to the fetus. 

A Administration of clofibrate to mice and rats in long-term studies at eight times the human 
dose resulted in a higher incidence of liver tumors than in controls. Lower doses were not 
studied. Although the relevance of this finding to humans.is not known at this time, it can- 
not be dismissed especially since this drug is intended for long-term adminis- 
tration. ATROMID-S should be used oniy in patients with hyperlipidemia who do not 
respond adequately to dietary intervention. 

PRECAUTIONS: Before instituting therapy with clofibrate, attempts should be made to 
control serum lipids with appropriate dietary regimens, weight loss in obese patients, 
. control of diabetes mellitus, etc. 


Because of the long-term administration of a drug of this nature, adequate baseline 
studies should be performed to determine that the patient has significantly elevated serum 
lipid levels. Frequent determinations of serum lipids should be obtained during the first few 
months of ATROMID-S administration, and periodic determinations thereafter. The drug 
—. A should be withdrawn after three months if response is inadequate. However, in the case of 
: xanthoma tuberosum, the drug should be employed for longer periods (even up to one 
year) provided that there is a reduction in the size and/or number of the xanthomata. 


| Subsequent serum lipid determinations should be done to detect a paradoxical rise in 
serum cholesterol or triglyceride levels. Clofibrate will not alter the seasonal variations 
of serum cholesterol peak elevations in midwinter and late summer and decreases in 
fall and spring. If the drug is discontinued, the patient should be placed on an 
appropriate hypolipidemic diet, and his serum lipids should be monitored until 
stabilized, as a rise in these values to or above the original baseline may occur. 








—. Du ring clofibrat 


function tests shou 


rformed - et drug ma y prox e abr JT alite: 
parameters. These effects are usually reversible when the drug is discontinued. Hep: 
biopsies are usually within normal limits. If tne hepatic function tests steadily rise or show 
excessive abnormalities, the drug should be withdrawn. Therefore use with caution in 
those patients with a past history of jaundice or hepatic disease. 


Clofibrate may produce “flu like" symptoms (muscular aching, soreness, cramping). The 
physician should differentiate this from actual viral and/or bacterial disease. 


Use with caution in patients with peptic ulcer since reactivation has been reported. 
Whether this is drug-related is unknown. 


Complete blood counts should be done periodically since anemia, and more frequently, 
leukopenia have been reported in patients who have been taking clofibrate. 


Various cardiac arrhythmias have been reported with the use of clofibrate. 


Several investigators have observed in their studies that clofibrate may produce a 
decrease in cholesterol linoleate but an increase in palmitoleate and oleate, the latter 
being considered atherogenic in experimental animals. The significance of this finding 
is unknown at this time. 


ADVERSE REACTIONS: Of the pertinent reactions, the most common is nausea. Less * 
frequently encountered gastrointestinal reactions are vomiting, loose stools, dyspepsia, 
flatulence, and abdominal distress. Reactions reported less often than gastrointestinal 
ones are headache, dizziness, and fatigue; muscle cramping, aching, and weakness; skin 
rash, urticaria, and pruritus; dry brittle hair, and alopecia. 


The following reported adverse reactions are listed alphabetically by systems: 


Cardiovascular 
Increased or decreased angina 
Cardiac arrhythmias 
Both swelling and phlebitis at site of xanthomas 


Dermatologic 
Skin rash 
Alopecia 
Allergic reaction including urticaria 
Dry skin and dry brittle hair 
Pruritus 


Gastrointestinal 
Nausea 
Diarrhea 
Gastrointestinal upset (bloating, flatulence, abdominal distress) 
Hepatomegaly (not associated with hepatotoxicity) 
Gallstones 
Vomiting 
Stomatitis and gastritis 
Genitourinary 
Impotence and decreased libido i 
Findings consistent with renal dysfunction as evidenced by dysuria, hematuria, pro- 
teinuria, decreased urine output. One patient's renal biopsy suggested “allergic 
reaction." 
Hematologic 
Leukopenia 
Potentiation of anticoagulant effect 
Anemia 
Eosinophilia 


Musculoskeletal 
Myalgia (muscle cramping, aching, weakness) 
"Flu like" symptoms 
Arthralgia 


Neurologic 
Fatigue, weakness, drowsiness 
Dizziness 
Headache 


Miscellaneous 
Weight gain 
Polyphagia 
Laboratory Findings 1 
Abnormal liver function tests as evidenced by increased transaminase (SGOT and 
SGPT), BSP retention, and increased thymol turbidity 
Proteinuria 
Increased creatine phosphokinase 


Reported adverse reactions whose direct relationship with the drug has not been 
established: peptic ulcer, gastrointestinal hemorrhage. rheumatoid arthritis, tremors, in- 
creased perspiration, systemic lupus erythematosus, blurred vision, gynecomastia, 
thrombocytopenic purpura. 
DOSAGE AND ADMINISTRATION: /nitial: The recommended dosage for adults is 2 g 
daily, in divided doses. Some patients may respond to a lower dosage. 


Maintenance: Same as for initial dosage. 
Note: In children, insufficient studies have been done to show safety and efficacy. 


DRUG INTERACTIONS: Caution should be exercised when anticoagulants are given in 
conjunction with ATROMID-S. The dosage of the anticoagulant should be reduced usually 
by one-half (depending cn the individual case) to maintain the prothrombin time at the 
cesired level to prevent bleeding complications. Frequent prothrombin determinations are 
advisable until it has been definitely determined that the prothrombin level has been 
stabilized. 

MANAGEMENT OF OVERDOSAGE: While there has been no reported case of overdos- 
age, should it occur, symptomatic supportive measures should be taken. 


HOW SUPPLIED: ATROMID-S—No 243—Each capsule contains 500 mg clofibrate, in 
bottles of 100. 

References: 1. Thomas, G. W., et al.: Br. Med. J. 2:805 (Sept. 24) 1977. 2. Ahrens, E. H., 
Jr.: Ann. Intern. Med. 85:87 (July) 1976. 3. Council on Foods and Nutrition: J.A.M.A. 
222:1647 (Dec. 25) 1972. 4. Scheig, R.: Conn. Med. 39:71 (Feb.) 1975. 5. Letters to the 
Editor: Current Prescribing (July) 1977, p. 15. 6. Fredrickson, D. S., et al., in Holmes, 
W. L., Carlson, L. A., and Paoletti, R. (e S.): Muge Aftecting yu Metabolism, vol. 4, 
New York, Plenum Press, 1969, p. 314. 7. Brown, H. B., Lewis, L. A., and Page, I. H.: Clin. 
Pharmacol. Ther. 17:171 (Feb.) 1975. 8. Gelfand, M. L., and Garbor, M.: Exhibit, Ameri- 
can College of Cardiology Meeting, New Orleans, La., Feb. 21-Mar. 1, 1970. 9. Zelis, R., 
et al.: J. Clin. Invest. 49:1007 (May) 1970. 10. Levy, R. I., et al.: Ann. Intern. Med. 77:267 
(Aug.) 1972. 11. Berkowitz, D.: J.A. M.A. 218:1002 (Nov. 15) 1971. 12. Lorenzo, E. M., 
et al.: Curr. Ther. Res. 22:147 (July, Sect. 2) 1977. 
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Laragh's HYPERTENSION MANUAL 


You Can Now Buy This Famous Bestseller in Three Convenient Paperback 
Volumes Covering the Major Sections in the Original: 


1. Mechanisms .ciinicai teatures and the physiologic and biochemical mechanisms of hypertension @ Arterial Pressure 
Regulation, Overriding Dominance of the Kidneys in Long-Term Regulation and in Hypertension li A Viewpoint Concerning the Enig 
of Hypertension @ The Control of Renin Release @ The Control of Aldosterone Secret on in Normal and Hypertensive Man Abnorma 
Edited by Renin-Aldosterone Patterns in Low Renin Hypertension i Physiologic Characteristics of Hypertension @ Blood Pressure and Cardiac 
Performance @ Neurogenic Factors in Human Hypertension. Mechanism cr Myth? @ The Renin-Angiotensin-Aldosterone System 
John H. Laragh, MD Pathogenesis and Management of Hypertensive Vascular Diseases @ Plasma Aldosterone-Renin Interrelationships in Various Forms 
3 


mna the Fn ama 





HYPERTENSION Essential Hypertension. Studies Using a Rapid Assay of Plasma Aldosterone @ Renin. Angiotensin and Hypertensive \ ar Damag 
A Review @ Diabetes and Hypertensive Vascular Disease. Mechanisms and Treatment B Toxemia o Pregnancy. Mechanism and 
Therapeutic Management lii Adrenal Mineralocorticoid Hormones Causing Hypertension @ Hypertension in Chronic Renal Failure Ar 
_ METHODS Abnormal Relation Between Sodium and the Renin Angiotensin System B Renovascular Hypertension. Mechanisms. Natural History 
| and Treatment @ The Physiology of Renin Secretion in Essential Hypertension. Estimation of Renin Secretion Rate and Renal Plasma 
x | Flow from Peripheral and Renal Vein Renin Levels i Renovascular Hypertension Renin Measurements to Indicate Hypersecretion and 
| Contralateral Suppression, Estimate Renal Plasma Flow and Score for Surgical Curability 
| HYPERTENSION 505 pages, 150 figures and tables, index, $12.50 
I Master Professor of Medicine ' 












RENIN SYSTEM Director of the Cardiovascular Center 2 M th d 
DRUG THERAPY The New York Hospital—Cornell Medical Center r ! eino S—The methodology in- 
AND DIET and Founder of the Hypertension Center — in n of the min abi pa- 
rameters of hi ood pressure. n Eval- 
| Columbia-Presbyterian Medical Center, New York. N.Y uation of Measurement Performance of Selected 








Blood Pressure Devices @ Assay of Plasma Cate- 

Co oA Sera ee RADAR. T ne emma Gir Me. ae cholamines. An Approach to Evaluating Altered 
Yorke Medical Books 666 Fifth Avenue, New York, N.Y. 10019 AJC-9/78 Sympathetic Activity in Essential Hypertension @ 
The Measurement of Plasma Renin Activity n 
ing: Man @ Measurement of Urinary Aldosterone Ex- 

Please send me the following: HYPERTENSION Paperbacks ere No A drm ep 
Aldosterone 8 Searching Out Low Renin Pa- 


Western Hemisphere Other Countries tients Limitations of Some Commonly Used 
ethods 
a E S e (esL EAT ES a cles LESSE. $12.50 seu take) d ih d ee $14.00 120 pages, 50 figures and tables, index, $7.50 
COGOR VS is PERTENECER TTTPESEIPITT one ITE E050 55. LEN Sus $ 8.50 
O 3. Renin System, Drug Therapy and Diet .............. OM. RCs N $ 8.50 3. Renin System, Drug Ther- 
ELIMI ISO DADOFUACKS 27 siesta. ds tare cd ase a roa E2500 T. uou $30.00 apy and Diet re principles ot man- 
© ORIGINAL HARD COVER EDITION................... E P MP QURE MN $42.00 renia-aldoutevois. SN ta the: antenna 


treatment for high blood pressure. Also in- 
cludes special sections of hypertensive drug 


NAME therapy and low sodium diet. m 
. nstr tic n-Volume Ar ily SIS Inr nitor tand 
and ireating Hypertensi( H 
Aldosterone Profiles @ The 
ADDRESS wb ar ed mi 
ar Orn a! (er ` tsse 3 
Treatment with Either Sp actone or | 
CITY STATE ZIP p anolo Specie Ani I Gea ace 
and Normal Renin Forms of Essential. Rena 
Full payment enclosed, publisher absorbs shipping cost. (J Send invoice, plus shipping cost (U.S. and Canada only) Renovascular and Malignant Hypertension W 
Countries outside Western Hemisphere please prepay in U.S. funds Sod E D ve Urug 'herapy @ Moderate Low 


New York State residents add applicable sales tax 





105 pages. 25 ligures and tables. index. $7.50 








o reduces potency loss... 
smaller bottles opened fewer 
times than bottles of 100s. 
thus tablet potency retained 

o reduces tablet waste... 
fewer tablets are discarded with 
smaller bottles than from a larger 
bottle of 100s 

D more than 700 million 
tablets of Nitrostat sold during 
the past five years 


PARKE-DAVIS 


Sublingual Tablets 


Also available in bottles of 100 tablets 


- " PARKE, DAVIS & COMPANY 
Detroit. MI 48232 
| PD-JA-2357-1B-P(2-78 
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— CARDIAC OUTPUT COMPUTER 9520 
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SWAN-GANZ Thermodilution write: Edwards Laboratories, Divis 
Catheters are available in 2.5F, 5F, and 7F American Hospital Supply Corpor; 
sizes forawiderangeofpatientapplications. 17221 Red Hill Avenue (Irvine), P.C 


The catheters, plus the Edwards Model 11150, Santa Ana, CA 92711. Phoni 
9520 Cardiac Output Computer and 557-8910. Cable Address: EDSLAE 
sone d com cas a complete system Telex: 68-5567. 

or determination of cardiac output. 

So decide with confidence on the = ose RE s 
SWAN-GANZ Hemodynamic Monitoring 
System. Available only from Edwards 
L aboratories, the recognized leader. Division of American Hospital Supply Corporation 

Another good idea: Request our fact- SWAN-GANZ is a registered trademark, 


filled literature package. Please phone or Edwards Laboratories. 10908 


INT ROPIN 


Gopamine HAD 





Inthe shock syndrome: 





selectively redirects blood to vital organs 


Increases vital organ perfusion 


In the shock syndrome, perfusion pressure usually 
does not meet the metabolic needs of the vital 
organs. When volume replacement fails to reverse 
this process, additional therapy must be initiated 
to increase cardiac output and blood pressure 
and to increase blood flow to vital organs. 
Intropin (dopamine HCl) is the only drug that 
both increases cardiac output and blood pressure 
while specifically redirecting the blood flow. 


Maintains kidney function 


The unique ability of Intropin to act on the 
"dopaminergic" receptors in the mesenteric and 
renal vasculature causes vasodilation in these 
beds and leads to increased renal blood flow, 
glomerular filtration rate and urine output. At low 
dose levels (less than 5 mcg/kg/min), when 
cardiac stimulation is not usually observed, these 
increases are independent of increased cardiac 
output. 


In comparison, norepinephrine causes vasocon- 
striction in these beds, further compromising vital 
organ function.! Isoproterenol causes generalized 
systemic vasodilation (thereby requiring greater 
cardiac output to increase vital organ perfusion) 
and does not increase the renal fraction of the 
increased cardiac output.? 


Increases cardiac output 


At higher doses (above 5 mcg/kg/min), Intropin 
begins to increase myocardial contractility, 
stroke volume and cardiac output by direct 
positive inotropic effect while maintaining much 
of the unique dopaminergic effect. In certain 
patients such as refractory congestive failure 


/^\ | ARNAR-STONE LABORATORIES, INC. 
Ges Mount Prospect, Illinois 60056 


A Subsidiary of American Hospital Supply Corporation 


patients, the increase in cardiac output may be 
seen at doses of less than 5 mcg/kg/min. 


Norepinephrine, on the other hand, has a similar 
inotropic effect, but the expected increase in 
cardiac output is often diminished due to the 
increased systemic vascular resistance (afterload) 
resulting from norepinephrine’s alpha adrenergic 
activity. Isoproterenol increases cardiac output 

in part through a chronotropic effect.? Its use 
results in a greater increase in myocardial 
oxygen consumption than does the inotropic 
effect of Intropin. It also results in a greater poten- 
tial for arrhythmias.’ The increased cardiac 
output obtained with isoproterenol is delivered 

to the total systemic vasculature due to general 
vasodilation while the selective vasodilation of 
Intropin directs more blood supply to the areas in 
need of vital perfusion. 


Increases blood pressure 


Intropin doses of over 20 mcg/kg/min will usually 
result in an alpha adrenergic (vasoconstriction) 
response in the peripheral vasculature. This 
usually raises the pressure and also redirects 
blood flow through the vasodilated vasculature of 
the renal and mesenteric beds. Thus, Intropin can 
increase blood pressure through an inotropic 
cardiac response or at doses above 20 mcg/kg/ 
min through an additional peripheral 
vasculature response. 


References: 

l. Rosenblum, R., Am. Heart J., 87:527-530, 1974. 
2. Goldberg, L.I., N.E.J. of Med. 291:707-710, 1974. 
3. Harrison, D.C., Am. J. of Card., 35:656-659, 1975. 


IN TROP IN i (dopamine HCI) 


(See last page of this advertisement for full prescribing information.) 


J INTROPIN dopamine ic) 
» 5ml. AMPUL/FOR IV INJECTION 


DESCRIPTION: INTROPIN (dopamine HCI) is 3, 4-dihydroxyphenethylamine hydrochloride, à naturally- 
occurring biochemical catecholamine precursor of norepinephrine. The chemical structure is. ` 





HO CH;CH;NH, * HCI 


HO 


CH, NO; * HCI Mol. Wt. 189.65 





Dopamine hydrochloride is a white, odorless crystalline powder, freely soluble in water and soluble in 
alcohol. It is sensitive to light, alkalis, iron salts and oxidizing agents. 
Each milliliter of sterile, pyrogen-free INTROPIN Injection contains 40 mg. of dopamine hydrochloride 
(equivalent to 32.96 mg. of dopamine base) in Water for Injection, USP, containing 1% sodium bisullite 
. asa preservative. 


ACTIONS: INTROPIN exerts an inotropic effect on the myocardium resulting in an increased cardiac 
» . output. INTROPIN produces less increase in myocardial oxygen consumption than isoproterenol and 
its use is usually not associated with a tachyarrhythmia. Clinical studies indicate that INTROPIN usually 
increases systolic and pulse pressure with either no effect or a slight increase in diastolic pressure 
Total peripheral resistance at.low and intermediate therapeutic doses is usually unchanged. Blood tlow 
' to peripheral vascular beds may decrease while mesenteric flow increases INTRUPIN has also been 

. reported to dilate the renal vasculature presumptively by activation of a ‘dopaminergic’ receptor. This 
action is accompanied by increases in glomerular filtration rate, renal blood flow. and sodium excretion 
-An increase in urinary output produced by dopamine is usually not associated with a decrease in 
. . osmolality of the urine. 


INDICATIONS: INTROPIN is indicated for the correction of hemodynamic imbalances present in the 
* - Shock syndrome due to myocardial infarctions, trauma, endotoxic septicemia, open heart surgery, renal 
failure, and chronic cardiac decompensation as in congestive failure. 
a Where appropriate, restoration of blood volume with a suitable plasina expander or whole blood 
. should be instituted or completed prior to administration of IN TROPIN. 
A Patients most likely to respond adequately to INTROPIN are those in whom physiological parameters, 
= Such as urine flow, myocardial function, and blood pressure, have not undergone profound deteriora 
. tion. Multiclinic trials indicate that the shorter the time interval between onset of signs and symptoms 
č and initiation of therapy with volume correction and INTROPIN, the better the prognosis 


~ Poor Perfusion of Vital Organs — Urine flow appears to be one of the better diagnostic signs by whieh 

A adequacy of vital organ perfusion can be monitored. Nevertheless. the physician should also observe 

. the patient for signs of reversal of confusion or comatose condition. Loss of pallor, increase in toe 

— temperature, and/or adequacy of nail bed capillary filling may also be used as indices of adequate 

= dosage. Clinical studies have shown that when INTROPIN is administered before urine flow has di- 

minished to levels approximately 0.3 ml./minute, prognosis is more favorable Nevertheless. in a num- 

- ber of oliguric or anuric patients, administration of INTROPIN has resulted in an increase in urine flow 

‘which in some cases reached normal levels. INTROPIN may also increase urine flow in patients whose 

. Output is within normal limits and thus may be of value in reducing the degree of pre-existing fluid 

. . accumulation. It should be noted that at doses above those optimal for the individual patient, urine 

~ flow may decrease, necessitating reduction of dosage. Concurrent administration ot RV and 
diuretic agents may produce an additive or potentiating effect. 


- Low Cardiac Output — Increased cardiac output is related to INTROPIN's direct inotropic effect on the 

b. myocardium. Increased cardiac output at low or moderate doses appears to be related to a favorable 

" prognosis. Increase in cardiac output has been associated with either static or decreased systemic 

- vascular resistance (SVR). Static or decreased SVR associated with low or moderate increments in 

E. . cardiac output i is believed to be a reflection of differential effects on specific vascular beds with increased 
; . resistance in peripheral beds (e.g. femoral) and concomitant decreases in mesenteric and renal vas 

= Cular beds. Redistribution of blood flow parallels these changes so that an increase in cardiac output 

- . is accompanied by an increase in mesenteric and renal blood flow. In many instances the renal fraction 

of the total cardiac output has been found to increase. Increase in cardiac output produced by INTROPIN 

P. is not associated with substantial decreases in systemic vascular resistance as may occur with isopro- 

à y terenol. 


Hypotension — Hypotension due to inadequate cardiac output can be managed by administration of low 

.. to moderate doses of INTROPIN, which have little effect on SVR. At high therapeutic doses. INTROFIN s 

alpha adrenergic activity becomes more prominent and thus may correct hypotension due to dimin- 

-ished SVR. As in the case of other circulatory decompensation states, prognosis is better in patients 

^... whose blood pressure and urine flow have not undergone profound deterioration. Therefore. it is sug- 

-. gested that the physician administer INTROPIN as soon as a definite trend toward decreased systolic 
. and diastolic pressure becomes evident. 


CONTRAINDICATIONS: INTROPIN should not be used in patients with pheochromocytoma 


WARNINGS: INTROPIN should not be administered in the presence of uncorrected tachyarihythmias 

|... or ventricular fibrillation. 
. . Do NOT add INTROPIN to any alkaline diluent solution, since the drug is inactivated in alkaline 

solution. 
Patients who have been treated with monamine oxidase (MAO) inhibitors prior to the administration 
of INTROPIN will require substantially reduced dosage. Dopamine is metabolized by MAO and inhibe 
= tionof this enzyme prolongs and potentiates the effect of INTROPIN. The starting dose in such patients 
- should be reduced to at least one-tenth (1/10) of the usual dose. 


= Usage in Pregnancy — Animal studies have revealed no evidence of teratogenic effects trom INTROPIN 
— |n one study, administration of INTROPIN to pregnant rats resulted in a decreased survival rate of the 
= newborn and a potential for cataract formation in the survivors. The drug may be used in pregnant 
; women when, in the judgment of the physician, the expected benefits outweigh the potential risk to 
|. — thefetus. 
i! Usage in Children — The safety and efficacy of this drug in children has not been established INTROPIN 
— has been used in a limited number of pediatric patients, but such use has been inadequate to fully define 
j proper dosage and limitations for use. Further studies are in progress. 
À PRECAUTIONS: Avoid Hypovolemia — Prior to treatment with INTROPIN. hypovolemia should be fully 
 . A corrected, if possible, with either whole blood or plasma as indicated. 
Decreased Pulse Pressure — If a disproportionate rise in the diastolic pressure (1e a marked decrease 
- in the pulse pressure) is observed in patients receiving INTROPIN, the infusion rate should be de- 
—. creased and the patient observed carefully for further evidence of predominant vasoconstrictor activity 
. . . unless such an effect is desired. 
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Extravasation — INTROPIN should be infused into a large vein whenever possible to prevent the pos- 
sibility of extravasation into tissue adjacent to the infusion site. Extravasation may cause necrosis and 
sloughing of surrounding tissue. Large veins of the antecubital fossa are preferred to veins in the dor- 


Sum of the hand or ankle. Less suitable infusion sites should be used only if the patient's condition 


recuires immediate attention. The physician should switch to more suitable sites as rapidly as possible. 
The infusion site should be continuously monitored for free flow. 


Occlusive Vascular Disease — Patients with a history of occlusive vascular disease (for example, 
atherosclerosis, arterial embolism, Raynaud's disease, cold injury, diabetic endarteritis, and Buerger's 
dissase) should be closely monitored for any changes in color or temperature of the skin in the extrem- 
ities. If a change in skin color or temperature occurs and is thought to be the result of compromised 
circulation to the extremities, the benefits of continued INTROPIN infusion should be weighed against 
the risk of possible necrosis. This conditior may be reversed by either decreasing or discontinuing 
the rate of infusion. 
IMPORTANT — Antidote for Peripheral Ischemia: To prevent sloughing and necrosis in ischemic 
areas. the area should be infiltrated as soon as possible with 10 to 15 ml. of Saline solution 
containing from 5 to 10 mg. of Regitine^ (brand of phentolamine), an adrenergic blocking 
agent. A syringe with a fine hypodermic needle should be used, and the solution liberally 
infiltrated throughout the ischemic area. Sympathetic blockade with phentolamine causes 
immediate and conspicuous local hyperemic changes if the area is infiltrated within 12 hours. 
Therefore, phentolamine should be given as soon soon as possible after the extravasation is noted. 





Avoid Cyclopropane or Halogenated Hydrocarbon Anesthetics — Cyclopropane or halogenated hydro- 
carbon anesthetics increase cardiac autonomic irritability and therefore may sensitize the myocardium 
to the action of certain intravenously administered catecholamines. This interaction appears to be re- 
lated both to pressor activity and to beta adrenergic stimulating properties of these catecholamines. 
Thevefore. as with certain other catecholamines, and because of the theoretical arrhythmogenic 
potential. INTROPIN should be used with EXTREME CAUTION in patients inhaling cyclopropane or 
halcgenated hydrocarbon anesthetics. 

Careful Monitoring Required — Close monitoring of the following indices — urine flow, cardiac output 
and blood pressure — during INTROPIN infusion is necessary as in the case of any adrenergic agent. 
ADVERSE REACTIONS: The most frequent adverse reactions observed in clinical evaluation of INTROPIN 
included ectopic beats, nausea, vomiting, taehycardia, anginal pain, palpitation, dyspnea, headache, 
hypotension, and vasoconstriction. Other adverse reactions which have been reported infrequently 
were aberrant conduction, bradycardia, piloerection, widened QRS complex, azotemia, and elevated 
blocd pressure. 

DOSAGE AND ADMINISTRATION: 

WARNING: This is a potent drug: It must be diluted before administration to patient. 

Suggested Dilution — Transfer contents of one ampul (5 ml. containing 200 mg. INTROPIN) by aseptic 
tech wque to either a 250 ml. or 500 ml. bottle af one of the following sterile intravenous solutions: 

1) Sodium Chloride Injection, USP 5) Dextrose (5%) in Lactated Ringer's 


2) Dextrose 5% Injection, USP Solution 
3) Dextrose (5%) and Sodium Chloride 6) Sodium Lactate (1/6 Molar) 
(C 9%) Injection, USP Injection, USP 


4) 5% Dextrose in 0.45% Sodium 
Chloride Solution 


7) Lactated Ringer's Injection, USP 


These dilutions will yield a final concentration for administration as follows: 
250 ml dilution contains 800 mcg. /ml. of INTROPIN 
500 ni dilution contains 400 mcg. /ml. of INTROPIN 

INTROPIN has been found to be stable for « minimum of 24 hours after dilution in the sterile intra- 
vengus solutions listed above. However, as with all intravenous admixtures, dilution should be made 
just prior to administration. 

Do NOT add INTROPIN Injection to 5% Sodium Bicarbonate or other alkaline intravenous solutions. 
Since the drug is inactivated in alkaline solution. 


Rate of Administration — INTROPIN, after dilution, is administered intravenously through a suitable 
intravenous catheter or needle. An i.v. drip chamber or other suitable metering device is essential for 
controlling the rate of flow in drops/minute. Each patient must be individually titrated to the desired 
hemodynamic and/or renal response with INBROPIN. In titrating to the desired increase in systolic 
biooc pressure, the optimum dosage rate for renal response may be exceeded, thus necessitating a 
reduction in rate after the hemodynamic condition is stabilized.. 

Ad ninistration at rates greater than 50 mcg. /kg./min. have safely been used in advanced circulatory 
decompensation states. If unnecessary fluid expansion is of concern, adjustment of drug concentration 
may be preferred over increasing the flow rate of a less concentrated dilution. 


Suggested Regimen: 
1. When appropriate, increase blood volume with whole blood or plasma until central venous pressure 
is 10 to 15 cm H,0 or pulmonary wedge pressure is 14-18 mm Hg. 
2. Begin administration of diluted solution at doses of 2-5 mcg./kg./minute INTROPIN in patients 
who ere likely to respond to modest increments ef heart force and renal perfusion. 

in more seriously ill patients, begin administration of diluted solution at doses of 5 mcg./kg./minute 
INTROPIN and increase gradually using 5 to 10 mcg./kg./minute increments up to 20 to 50 mcg./kg./ 
minute as needed. If doses of INTROPIN in excess of 50 mcg./kg./minute are required, it is suggested 
that anne output be checked frequently. Should urine flow begin to decrease in the absence of hypo- 
tension. reduction of INTROPIN dosage should be considered. Multiclinic trials have shown that more 
than 50° of the patients were satisfactorily maintained on doses of INTROPIN less than 20 mcg /kg./ 
minute In patients who do not respond to these doses with adequate arterial pressures or urine flow, 
additional increments of INTROPIN may be employed in an effort to produce an appropriate arterial 
pressure and central perfusion. 
3. Treatment of all patients requires constant evaluation of therapy in terms of the blood volume, aug- 
mentation of myocardial contractility, and distribution of peripheral perfusion. Dosage of INTROPIN 
should be adjusted according to the patient's response, with particular attention to diminution of estab- 
lisheé urine flow rate, increasing tachycardia or development of new dysrhythmias as indices for de- 
creas ng or temporarily suspending the dosage. 
4. As with all potent intravenously administered drugs, care should be taken to control the rate of 
administration so as to avoid inadvertent administration of a bolus of drug. 


OVERDOSAGE: In case of accidental overdosage, as evidenced by excessive blood pressure elevation, 
reduce rate of administration or temporarily discontinue INTROPIN until patient's condition stabilizes. 
Since INTROPIN's duration of action is quite shert, no additional remedial measures are usually neces- 
sary. If these measures fail to stabilize the patient's condition, use of the short-acting alpha adrenergic 


. blocking agent. phentolamine, should be considered. 


HOW SUPPLIED: 5 ml. ampuls containing 40 ma. dopamine HC! per milliliter. 
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ARNAR-STONE LABORATORIES, INC. 
Mount Prospect, Illinois 60056 ' 
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* Warning 





Each capsule contains 50 mg. of Dyrenium* (brand of 
triamterene) and 25 mg. of hydrochlorothiazide. 


Makes Sense in 





ertension* 


Before prescribing, see complete prescribing informa- 
tion in SK&F Co. literature or PDR. A brief summary 
follows: 


This drug is not indicated for initial therapy of edema 
or hypertension. Edema or hypertension requires 
therapy titrated to the individual. If this combination 
represents the dosage so determined, its use may 
be more convenient in patient management. Treat- 


ment of hypertension and edema is not static, but 
must be reevaluated as conditions in each patient 
warrant 


Contraindications: Further use in anuria, progressive 
renal or hepatic dysfunction, hyperkalemia. Pre-existing 
elevated serum potassium. Hypersensitivity to either 
component or other sulfonamide-derived drugs 


Warnings: Do not use potassium supplements, dietary 
or otherwise, unless hypokalemia develops or dietary 
intake of potassium is markedly impaired. lf supple- 
mentary potassium is needed, potassium tablets should 
not be used. Hyperkalemia can occur, and has been 
associated with cardiac irregularities. It is more likely in 
the severely ill, with urine volume lessthan one liter/day, 
the elderly and diabetics with suspected or confirmed 
renal insufficiency. Periodically, serum K+ levels should 
be determined. If hyperkalemia develops, substitute a 
thiazide alone, restrict K+ intake. Associated widened 
QRS complex or arrhythmia requires prompt additional 
therapy. Thiazides cross the placental barrier and appear 
in cord blood. Use in pregnancy requires weighing 
anticipated benefits against possible hazards, including 
fetal or neonatal jaundice, thrombocytopenia, other 
adverse reactions seen in adults. Thiazides appear and 
triamterene may appear in breast milk. If their use is 
essential, the patient should stop nursing. Adequate 
information on use in children is not available 


Precautions: Do periodic serum electrolyte determina- 
tions (particularly important in patients vomiting exces- 
sively or receiving parenteral fluids). Periodic BUN and 
serum creatinine determinations should be made 
especially in the elderly, diabetics or those with sus- 
pected or confirmed renal insufficiency. Watch for signs 
of impending coma in severe liver disease. If spiro- 
nolactone is used concomitantly, determine serum K+ 
frequently; both can cause K+ retention and elevated 
serum K+. Two deaths have been reported with such 
concomitant therapy (in one, recommended dosage was 
exceeded, in the other serum electrolytes were not 
properly monitored). Observe regularly for possible 
blood dyscrasias, liver damage, other idiosyncratic 
reactions. Blood dyscrasias have been reported in 
patients receiving triamterene, and leukopenia, throm- 
bocytopenia, agranulocytosis, and aplastic anemia have 
been reported with thiazides. Triamterene is a weak folic 
acid antagonist. Do periodic blood studies in cirrhotics 
with splenomegaly. Antihypertensive effect may be 
enhanced in post-sympathectomy patients. Use cau- 
tiously in surgical patients. The following may occur 
transient elevated BUN or creatinine or both, hyper- 
glycemia and glycosuria (diabetic insulin requirements 
may be altered), hyperuricemia and gout, digitalis 
intoxication (in hypokalemia), decreasing alkali reserve 
with possible metabolic acidosis. Dyazide interferes 
with fluorescent measurement of quinidine 


Adverse Reactions: Muscle cramps, weakness, dizzi- 
ness, headache, dry mouth; anaphylaxis, rash, urticaria, 
photosensitivity, purpura, other dermatological condi- 
tions; nausea and vomiting, diarrhea, constipation, other 
gastrointestinal disturbances. Necrotizing vasculitis 


paresthesias, icterus, pancreatitis, xanthopsia and, rarely, 


allergic pneumonitis have occurred with thiazides alone 


Supplied: Bottles of 100 and 1000 capsules; Single Unit 
Packages of 100 (intended for institutional use only) 


Carolina, P.R. 00630 
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For further information on the Medtronic Tenax" 
lead family, contact your Medtronic, Ino. 
representative or write for a complete 
technical brochure. 


Medtronic, Inc. 
6055 Old Highway Eight, P.O. Box 1453 
Minneapolis, Minnesota 55440 


Medwonic 


Helping You Help 
The Pacemaker Patient 





A reminder 


LANOXIN 
à. (digoxin) 
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0.125 mg 0.25 mg 0.5 mg 

yellow white green 

imprinted imprinted & scored imprinted & scored 
Complete iiterature available on request from Professional Services Dept. PML 


heal Burroughs Wellcome Co. 
Research Triangle Park 
Welicome / North Carolina 27709 
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A multicenter study of rest and exercise thallium-201 myocardial imaging 
in 190 patients from five centers was performed. Exercise images were 
obtained after graded treadmill or bicycle stress with use of five different 
gamma camera models and were interpreted by the originating investi- 
gator without knowledge of other clinical data. Of 42 patients with less — 


than 50 percent coronary stenosis, 4 (10 percent) had a resting image L 


defect, 1 (2 percent) a new exercise defect and 5 (12 percent) either a 
resting or an exercise image defect, or both. Of 148 patients with coronary 
stenosis of 50 percent or greater, 64 (45 percent) had an image defect - 
in the study at rest, 90 (61 percent) had new or increased defects after 
exercise, and 115 (78 percent) had resting or exercise defects, or both. © 
New exercise image defects were more common than exercise S-T de- - 
pression (90 of 148 [61 percent] versus 62 of 148 [42 percent]; P <0.01). 
In a second group of 111 patients with acute myocardial infarction studied 
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at three centers, 90 patients (81 percent) had image defects compared - * 


with 71 (64 percent) who had new electrocardiographic Q waves (P ~ 


« 0.01). Smaller infarctions, as assessed with serum enzyme values, and 


diaphragmatic infarctions were less commonly detected than larger or a 


anterior infarctions. These findings suggest that myocardial imaging — 
complements the electrocardiographic identification of acute myocardial - 
infarction or exercise-induced myocardial ischemia. 


Myocardial imaging at rest and during stress may detect regional myo- 


* 


as" 
2 


. . . . . e ^ . ^ a 
cardial infarction or ischemia.!-? Previous reports from selected insti- _ 


tutions have dealt with small groups of patients and patient populations 


peculiar to the reporting institutions. The present cooperative study, 


-L E 
E 


employing thallium-201, was undertaken to define the clinical utility — - 


of myocardial perfusion imaging in a large series of patients from five 


— af " 
» H 


medical institutions.* The specific aims were to evaluate (1) the sensi- - 


tivity and specificity of imaging at rest and during exercise in detecting 
coronary artery disease; (2) the sensitivity of myocardial imaging at rest 


*Participating institutions were the Johns Hopkins University School of Medicine (47 


patients), Yale University School of Medicine (69 patients), University of California at Davis 
School of Medicine (31 patients), University of California at San Diego School of Medicine 
(87 patients) and the Seattle Veterans Administration Hospital (101 patients). 
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MYOCARDIAL IMAGING WITH THALLIUM-201—RITCHIE ET AL. 


in detecting acute myocardial infarction; and (3) the 
uniformity of the results derived from data obtained at 
the five centers with several types of scintillation cam- 
eras, different physicians and technical staff and vari- 
able patient populations. A 


Material and Methods 


Patient selection: Stable angina: Between October 1975 
and December 1976, 195 patients with chronic stable angina 
due to suspected or proved coronary artery disease were en- 
rolled for study with thallium-201 myocardial imaging at rest 
and during exercise. No patient had sustained a myocardial 
infarction in the preceding 2 months and no patient had un- 
stable angina. Patients in five institutions were selected from 
those undergoing diagnostic cardiac catheterization for cor- 
onary artery disease. Criteria for selection were a technically 


. satisfactory coronary arteriogram plus patient and isotope 


availability for the resting and exercise studies. From an 
original group of 195 patients, 2 had technically unsatisfactory 
thallium-201 images, 2 had associated nonatherosclerotic 
heart disease and 1 had a technically unsatisfactory coronary 
angiogram (right coronary artery not studied). With exclusion 
of these 5 patients, the study population consisted of 190 pa- 


tients, including 5 patients with normal myocardial images 
after exercise who underwent no study at rest. These patients 


were assumed to have normal resting images. 

Acute myocardial infarction: One hundred forty-five pa- 
tients from three institutions had a single thallium-201 image 
performed at rest after hospital admission for proved acute 
myocardial infarction. Only 111 of these patients were in- 


- cluded in the study because the other 34 had a history of prior 


myocardial infarction. The patients were considered to have 
had an acute myocardial infarction if two or more of the fol- 
lowing criteria were present: (1) clinical syndrome of severe 
substernal pain of more than 15 minutes' duration that did 
not respond to nitroglycerin, (2) new 0.04 second electrocar- 
diographic Q waves representing 25 percent or more of the 
height of the R wave, or (3) elevation of serum creatine kinase 


. to more than twice the control value. Patients were studied 


only after stabilization of complications such as shock or ar- 
rhythmias and on an average of 5.4 days (range 1 to 34 days) 
after the onset of infarction. Imaging was performed in the 
coronary care unit in most instances. 

All patients in the protocols for stable angina and acute 
infarction gave informed consent for the study after the ex- 
perimental nature of the study and the potential risks and 
benefits were explained. 

Imaging: Myocardial imaging was performed using stan- 
dard scintillation cameras: Ohio-Nuclear Series 100 (146 cases, 
43 percent), Baird Atomic System 70 (69 cases, 20 percent), 
Searle Pho Gamma IV (104 cases, 31 percent), Searle Pho 
Gamma II (14 cases, 4 percent) and Picker Dyna-Mo (porta- 
ble) (2 cases, 1 percent). High resolution collimation was used 
in 286 cases (85 percent), and converging collimation in 49 
cases (15 percent). Àn energy window of 20 to 25 percent 
centered about the 80 kev mercury X rays was employed. For 
resting studies, 1.5 to 2.0 millicuries (mCi) of thallium-201 
(New England Nuclear Corp., North Billerica, Massachusetts) 
was injected intravenously with the patient standing (group 
with angina) or supine (group with acute infarction). Most 
patients were studied after a 2 to 4 hour fast to minimize 
gastrointestinal uptake of thallium-201. Imaging was started 
10 to 15 minutes after injection. Polaroid? scintiphotographs, 
with a count of 300,000 to 400,000, were obtained in the an- 
terior, 45? left anterior oblique and left lateral views. For the 
exercise study, the imaging procedure was identical except 
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that the isotope was injected 30 to 60 seconds before the ter- 
mination of exercise. Image interpretations were made from 
either the original unprocessed scintiphotograph or from 
scintiphotographs with 20 to 25 percent background sub- 
traction. All images were interpreted by the originating in- 
vestigator without knowledge of the clinical findings or the 
patient’s identification. 

Images were graded as normal or abnormal, and the loca- 
tion of the image defect was localized as anterior (antero- 
medial wedge in the left anterior oblique view), inferior (in- 
ferior wedge in the left anterior oblique view), posterior 
(posterolateral wedge of activity in the left anterior oblique 
view) or apical (the tip of the ventricle in the anterior or the 
left lateral view). A defect was considered present if a discrete 
region of absent or decreased activity (estimated visually as 
a reduction of at least 50 percent) was present. Only a new 
defect or a defect in addition to or larger than that present at | 
rest was considered exercise-induced. Patients with a defect 
at rest that remained unchanged after exercise were consid- 
ered to have only a resting defect. 

Exercise electrocardiography: Patients underwent ex- 
ercise with use of the Bruce’ graded treadmill protocol to 
symptom-limited maximum in three institutions (142 pa- 
tients) or with use of a bicycle ergometer in two institutions 
(48 patients). In the latter patients, exercise was initiated at 
a work load of 150 kilopond-meters/min and advanced 150 
kilopond-meters/min every 3 minutes until the symptomatic 
limit or 85 percent of predicted heart rate was achieved. A 
modified V; electrode was monitored throughout and after 
exercise and the S-T segment response was considered positive 
if flat or downsloping S-T depression of 1 mm or more oc- 
curred. Duration of treadmill or bicycle exercise was expressed 
as functional aerobic impairment. ’* 

Coronary angiography: This was performed with either 
the Judkins or Sones technique, and the percent luminal 
narrowing of vessel diameter was estimated. Angiograms were 
reviewed and graded by two independent observers, and in 
cases of disagreement a consensus reached. Angiography was 
performed within 3 weeks of the thallium-201 study. Stenoses 
of 50 percent or greater were considered to represent signifi- 
cant coronary artery disease. | 

Institutional comparisons: The mean age of patients in 
the rest/exercise protocol (50 + 9 years [+1 standard devia- 
tion]) and the acute myocardial infarction protocol (58 + 12 
years) did not differ significantly among institutions (Stu- 
dent’s ¢ test). In the rest/exercise study, a greater proportion 
of patients from one institution had hemodynamically sig- 
nificant coronary artery disease (98 versus 71 percent at re- 
maining institutions). However, among all patients with sig- 
nificant coronary artery disease (50 percent or greater diam- 
eter stenosis), the percent of those with exercise S- T depres- 
sion, electrocardiographic Q waves and one, two or three vessel 
coronary artery disease did not differ significantly among 
institutions. Similarly, for patients with acute myocardial 
infarction, there were no significant differences among the 
three hospitals in the percent of patients with electrocardio- 
graphic Q waves or in average time of imaging after myocardial 
infarction. 


* Functional aerobic impairment is defined as (predicted maximal 
oxygen intake-observed oxygen intake/predicted maximal oxygen in- 
take X 100) corrected for age, sex and chronic activity level; derived 
by nomogram from treadmill data and for bicycle data from estimated 
oxygen consumption.? Mean functional aerobic impairment for the entire 
group was 33 percent (range —28 to +85 percent). Functional aerobic 
impairment for patients who exercised on the bicycle was greater (52 
+ 15 percent [+1 standard deviation]) than on the treadmill (27 + 27 
percent) (P «0.01; Student's t test). 
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Rest/Exercise Studies 

One hundred forty-eight patients had angiographic 
coronary artery disease (diameter stenosis of 50 percent 
or greater), and 42 patients had no or insignificant 
coronary artery disease (less than 50 percent diameter 
stenosis). Complete electrocardiographic, image and 
exercise data for all 190 patients are illustrated in Figure 
1. 

Patients without significant coronary artery 
disease: Of the 42 patients with no or insignificant 
coronary artery disease (less than 50 percent diameter 
stenosis), 1 patient (2 percent) had an exercise image 
defect and 4 (10 percent) had defects in the resting 
image (Fig. 1). Five patients had exercise S-T depression 
(5 of 42; 12 percent) and 1 (2 percent) had an electro- 
cardiographic Q wave. The proportion of patients with 
a thallium-201 image abnormality after exercise or at 
rest (5 of 42; 12 percent) was not significantly different 
from the proportion of patients with exercise S-T de- 
pression alone or electrocardiographic Q waves, or both 
(6 of 42; 14 percent). 

Patients with coronary artery disease: Sixteen of 
the 148 patients with coronary artery disease had either 
digitalis effect (11 patients) or left bundle branch block 
(5 patients) that prevented identification of S-T seg- 
ment depression. Of the 132 patients whose S-T seg- 
ment could be analyzed, 62 (47 percent) had S-T de- 
pression and 77 (58.3 percent) had new or enlarged ex- 
ercise thallium-201 image defects (Fig. 2). The larger 
proportion of patients with exercise thallium-201 de- 
fects approached statistical significance at the P = 0.068 
level (McNemar test of correlated proportions). If the 
patients with uninterpretable S-T changes are consid- 
ered as having negative findings or no S-T depression, 
then 62 patients (42 percent) had exercise S-T depres- 
sion and 90 (61 percent) had new exercise thallium-201 


INSIG. CORONARY DISEASE 
100 <50% stenosis 
(n=42) 


CORONARY DISEASE 
> 50% stenosis 
(n=148) 


61% 


36% 





ECG REST ST} ANGINA TL 
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ECG REST ST} ANGINA NEW 
TL L T 
DEFECT 


Occ L 
DEFECT DEFECT 
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FIGURE 1. Percent of patients with insignificant (INSIG.) (left) and 
significant (right) coronary artery disease having electrocardiographic 
(ECG) Q waves, defects in the resting thallium-201 (TL) image, exertional 
S-T segment depression (ST), exertional angina (during treadmill ex- 
ercise) and a new thallium-201 image defect after exertion. The 47 
percent with exercise S-T depression excludes 16 patients with an 
uninterpretable S-T response (see text). n = number of patients. 


EXERCISE 
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defects (P «0.01). Thirteen of the 16 patients (81 per- 
cent) with an uninterpretable S-T segment had exercise 
thallium-201 defects. Among the 132 patients with an 
interpretable S- T response, 99 (75 percent) had either 
exercise S-T depression or an exercise thallium-201 
image defect, or both, compared with 62 (47 percent) 
who had only S-T depression (P <0.01) (Fig. 3). The 
interrelation between exercise S- T depression and ex- 





FIGURE 2. Comparison of exercise-induced electrocardiographic (ECG) 
S-T segment depression and new exercise-induced thallium-201 (TL) 
image defects in 132 patients with significant coronary artery disease. 
Sixteen patients with an uninterpretable exercise S-T response are 
excluded. Thirty-three patients (25 percent) had neither exercise-in- 
duced S-T segment depression (ETT NEG) nor thallium-201 defects; 
22 patients (17 percent) had exercise S-T segment depression (ETT 
POS) and no exercise thallium-20 1 defect; 40 patients (30 percent) had 
both exercise S-T depression and an exercise thallium-20 1 defect; and 


37 patients (28 percent) had exercise thallium-201 defects with no H 


exercise S-T depression. 
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COMBINED 
FIGURE 3. Left bars, percent of 148 patients with significant coronary 
artery disease having electrocardiographic (ECG) Q waves or a thal- 
lium-201 (TL) defect, or either, at rest; center bars, percent having 
exercise S-T depression (ST DEPR; ST), exercise thallium-201 defects, 
or either; right bars, percent having either an electrocardiographic 
abnormality (Q wave or exercise S-T depression), rest/exercise thal- 





lium-201 defects (ETT TL DEF.), or any combination thereof. Only those — 


132 patients with an interpretable exercise response are included in 
the columns showing exercise S-T depression (see text). 
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FIGURE 4. Patients with significant two or three vessel coronary artery 


_ disease (CAD) were more apt to have exercise image-defects than those 
with single vessel disease. p — probability. 


- ercise-induced image abnormalities for these 132 pa- 
tients is illustrated in Figures 2 and 3, which show 
~ graphically that exercise imaging and exercise electro- 
cardiography were complementary and not simply 
positive in the same cohort of patients. 

The presence of electrocardiographic Q waves, any 
- electrocardiographic abnormality, exercise-induced 
angina or exercise S- T depression was not significantly 
related to the development of an exercise perfusion 


- image. The duration of exercise had an inverse corre- 


lation with the presence of exercise image defects; the 
mean functional aerobic impairment for patients 
— without defects was 26.7 + 27 versus 40.7 + 24 percent 
— (P <0.01) for those with defects (that is, patients with 


- exercise defects exercised less than those without de- 


fects). The proportion of patients with two vessel (37 of 
59; 63 percent) or three vessel disease (33 of 43; 77 per- 
cent) who had exercise image defects was greater than 
that of patients with single vessel disease (20 of 46; 43 
percent, P «0.05, chi square test) (Fig. 4). 

Sensitivity of imaging versus electrocardiogram: 
Overall, 120 of 132 patients (91 percent) with coronary 
artery disease were identified either by imaging or the 


TABLE | 


Institutions and the Number of Patients With New Exercise- 
Induced Thallium-201 Defects * 


Institution 





Patients with 


coronary artery disease . 
Image defect 28 50 9 3 0 
No defect 18 26 12 2 0 
Patients without 
coronary artery disease 
Image defect 0 1 0 0 0 
No defect 1 24 5 10 1 


*There were no significant differences (chi square test) among in- 
stitutions in sensitivity or specificity in disease detection with the ex- 
ercise thallium—-201 study. 





electrocardiogram, or both, when the resting and exer- 
cise studies were combined. This proportion was sig- 
nificantly greater than that for electrocardiographic 
changes alone (exercise S- T depression or electrocar- 
diographic Q waves [97 of 132; 73 percent, P «0.001]) 
or for thallium-201 image abnormalities alone (resting 
or exercise [100 of 132; 76 percent, P <0.001]). Thus, the 
diagnostic sensitivity of rest/exercise thallium-201 
imaging, when combined with rest/exercise electro- 
cardiography, was greater than that achieved with either 
study alone. Additionally in this study, 8 of 42 patients 
(19 percent) without coronary artery disease had either 
rest/exercise thallium-201 defects or rest/exercise 
electrocardiographic changes, or both (specificity rate 
31 percent); this did not differ significantly from the 
percent with rest/exercise thallium-201 defects alone 
(5 of 42; 12 percent, specificity rate 88 percent), or 
rest/exercise electrocardiographic changes alone (6 of 
42; 14 percent, specificity rate 86 percent). The sensi- 
tivity for detecting coronary artery disease was thus 
enhanced by combining the imaging and electrocar- 
diographic responses without a significant sacrifice in 
specificity. 

Comparison of results among five institutions: 'The 
percent of patients having either rest or exercise thal- 
lium-201 image defects was not significantly different 
among various institutions (chi square test). This was 
true for patients with significant coronary artery disease 
and for those without. Table I illustrates these findings, 
by institution, for new exercise-induced image defects 
both for the 42 patients without significant coronary 
artery disease and for the 148 patients with disease. 
Table II shows the data for resting image defects. No- 
results in the rest/exercise protocol were modified when 
the criterion of 70 percent rather than 50 percent di- 
ameter stenosis was used for inclusion in the group with 
"significant coronary artery disease"; only 5 of 148 pa- 
tients (3 percent) had isolated disease of 50 percent or 
greater but less than 70 percent diameter stenosis. 


Acute Myocardial Infarction 


Of the 145 patients with acute myocardial infarction 
who had thallium-201 images, 123 (85 percent) had 
image defects and 22 (15 percent) did not. Because 


TABLE Il 


Institutions and the Number of Patients With Thallium-20 1 
Defects in the Image at Rest* 





Institution 
1 2 3 4 5 
Patients with 
coronary artery disease 
Image defect 26 28 11 2 0 
No defect 20 48 10 3 0 
Patients without 
coronary artery disease 
Image defect 0 1 1 2 0 


No defect 1 24 4 8 1 


“There were no significant differences (chi square test) among in- 
stitutions in sensitivity or specificity in disease detection with the resting 
thallium-201 image. 


" Con , j 
d. 21 





thallium-201 imaging cannot distinguish between new 
and old myocardial infarction, 34 patients with a history 
of prior myocardial infarction were excluded from fur- 


. ther analysis. Of the remaining 111 patients, 90 (81 


percent) had thallium-201 image defects and 21 (19 
-. percent) did not. The percent of patients with a new 
. image defect did not differ significantly among the three 


* institutions enrolling patients with acute infarction. 


Time of imaging: Patients with suspected acute 
myocardial infarction had imaging performed 1 to 34 
days (mean 5.4 days) from the onset of infarction. Pa- 
tients with image abnormalities were studied an average 
of 4.6 days compared with 8.7 days for those without 
image defects (P <0.09). The percent of patients with 
image defects studied 7 or more days after acute in- 
farction was lower (17 of 24; 70 percent) than that of 
those studied earlier (73 of 86; 85 percent) but the dif- 
ference did not reach statistical significance (0.1 < P 
« 0.25). There were similarly no significant differences 
in the rates of detection of infarction among patients 
studied in the following time intervals after infarction: 
0 to 12 hours, 12 to 24 hours, 24 to 72 hours, 72 hours to 
1 week and more than 1 week. However, only 9 patients 
were studied within the first 24 hours. 

Presence and location of electrocardiographic 
Q waves: Among the 111 patients without evidence for 

prior myocardial infarction, 71 (64 percent) had new 
 electrocardiographic Q waves and a greater proportion 
(90; 81 percent) had thallium-201 image defects (P 
<0.01). As a group, 102 of the 111 patients (92 percent) 
had either an electrocardiographic Q wave or a thal- 
lium-201 image defect, or both. The rate of detection by 
thallium-201 imaging did not differ between patients 
with and without new electrocardiographic Q waves (59 
of 71; 83 percent versus 31 of 40; 78 percent). In the 
group without electrocardiographic Q waves (non- 
transmural myocardial infarction), the location of the 
infarction could be ascertained from the image studies 
(Table III). 

The electrocardiographic location of the infarction 
did modify the extent to which imaging was positive. 
More patients with an electrocardiographically anterior 
myocardial infarction (39 of 41; 95 percent) than with 
an inferior myocardial infarction (27 of 37; 73 percent, 
P «0.02) were detected with imaging. There were too 
few patients with a lateral (seven patients) or a posterior 
(one patient) infarction for statistical analysis, although 
all had image defects. The anatomic localization of de- 
fects with the two techniques was generally concordant. 
All patients with posterior or lateral electrocardio- 
graphic Q waves, or both, had image defects in these 
locations. Twenty-three of 27 patients (85 percent) with 
diaphragmatic electrocardiographic Q waves had infe- 
rior image defects; the remainder had posterolateral 
image defects. Thirty-four of 39 patients (87 percent) 
with anterior electrocardiographic Q waves had anterior 
image defects; the remainder had inferior defects. Ap- 
ical defects occurred in combination with some other 
defects and were of no localizing value as such. Six pa- 
tients with nontransmural myocardial infarction had 
isolated apical defects (Table III). 
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TABLE Ill 


Location of Image Defects in 31 Patients With 
Nontransmural Myocardial Infarction 


Patients Patients 
Site (no.) Site (no.) 
Anterior 10 Anteroapical 3 
Posterior 2 Inferoposterior 1 
Inferior 6 Apical-posterior 1 
Apical 6 Inferoapical 2 


Enzyme data: Only one third (3 of 9; 33 percent) of — 
patients studied with peak serum creatine kinase values . 
between two and three times normal had image defects. — 
A larger proportion (87 of 101; 86 percent, P <0.001) of 
those with creatine kinase values three or more times — 


normal had image defects. 


Discussion 


This study was performed to test the general efficacy 
of thallium-201 myocardial imaging in detecting isch- 


emic heart disease. The results demonstrate that for _ 


bicycle and treadmill exercise, thallium-201 imaging at 


rest and during exercise complemented the role of — . 
rest/exercise electrocardiography in the identification — | 
of coronary artery disease. This was true for a broad _ 
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spectrum of institutions, image interpreters and gamma  - 


cameras. The combination of rest/exercise thallium-201 — 
and rest/exercise electrocardiography detected coronary | 


disease in 91 percent of all patients with angiographi- 
cally documented coronary artery disease. 


False positive studies: Because most of the false — 
positive imaging studies occurred in patients with false - 
positive electrocardiographic results, the specificity of — 
the combined procedures was not different from that — 
of electrocardiography alone in this series. The defini- — 
tion of coronary artery disease employed (50 percentor 


greater diameter stenosis) artifactually reduced the 


reported specificity in one case. This patient was con-- 

sidered to have a false positive image because he had no | 
coronary stenosis of 50 percent or greater. He had had — 
a prior myocardial infarction documented with serum 
enzymes and electrocardiographic Q waves and had only _ 


a resting defect on imaging. Thus, an old infarction was 4 
correctly identified. A second patient with normal 


coronary arteries considered to have a false positive 
imaging study had a defect in the resting image that was — 


considered to have normalized in the study performed 


during exercise. This was the only case of such apparent - a 


resolution of a resting perfusion defect with exercise. 
Although the resting image was considered abnormal 
at the time it was obtained, the normalcy of the exercise 
image, which is typically of higher overall quality, 
suggests that the resting study was misinterpreted. Of 
the remaining three patients with a false positive study, 
two patients had defects in the resting image that per- 


sisted in the exercise image and one patient with a - 


normal resting study had a defect on exercise; these 
three cases thus represent definite false positive studies. 


In one of these patients an inferior defect developed — 
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with exercise in association with exercise angina and 
S-T depression. This patient had normal coronary ar- 
teries although catheter-induced spasm of the right 
. coronary artery occurred on angiography. The second 
patient had an isolated 40 percent stenosis of the distal 
left anterior descending coronary artery, an inferior 
defect at rest and during exercise and no exercise angina 
or S-T depression. The third patient had an anterior 
defect at rest and during exercise, normal coronary ar- 
-~ teries and both angina and S-T depression on exercise. 
_ Although imaging in these patients yielded false positive 
= results when compared with the arteriographic findings, 
~- itis possible that imaging identified regional perfusion 


— abnormalities not identified with the arteriogram. 


.— Sensitivity of imaging in ischemia and infarction: 
.. Among patients with coronary artery disease, imaging 
. showed a decreased sensitivity in detecting ischemia 
. only in patients with single vessel disease. It thus ap- 


_ pears that relatively more patients with two and three 


- vessel (potentially more lethal) disease?:!° will be de- 
= tected with imaging. Rest/exercise thallium-201 imaging 
— was particularly useful in patients in whom either dig- 
. italis effect or the presence of left bundle branch block 
. made S-T segment interpretation impossible; 13 of 16 
patients in this group had thallium-201 defects on ex- 
 ercise. Additionally, imaging allowed geographic lo- 
calization of the site of ischemia. Such localization may 
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be of value in prognosis, i in planning for coronary by- 
pass surgery or in serial studies. 

In our study the thallium-201 image was more sen- 
sitive than electrocardiographic Q waves as a detector 
of acute myocardial infarction. Additionally, among 
those 40 patients with nontransmural myocardial in- 
farction, image defects were found in 78 percent, al- 
lowing anatomic localization (Table IIT). Patients 
having more than three times the control value of serum 
creatine kinase were more apt to have abnormal images. 
These results support the findings of others!?:? that 
thallium-201 imaging is a sensitive indicator of acute 
myocardial infarction and documents that patients with 
smaller infarcts as assessed with serum enzyme values 
are less apt to have abnormal images than those with 
larger infarcts. The failure to detect small myocardial 
infarcts is in keeping with previous experimental 
datal^l5 showing that a minimal mass of real or simu- 
lated infarction is required for external detection. 

We conclude that myocardial imaging with thal- 
lium-201 complements electrocardiography in the 
identification of acute myocardial infarction or exer- - 
cise-induced myocardial ischemia. The geographic lo- 
cation of ischemia as well as an estimate of its magni- 
tude may also be ascertained. These findings apply to 
a broad range of patient populations, gamma scintilla- 
tion cameras and image interpreters and institutions. 
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In patients with aortic regurgitation, left ventricular dysfunction at rest, 
which is associated with a poor long-term prognosis, often develops before 
severe symptoms. To determine whether evidence of left ventricular 
dysfunction could be detected before it appeared at rest, 43 patients with 
severe aortic regurgitation were studied using radionuclide cineangiog- 
raphy during exercise. In 30 normal subjects, left ventricular ejection 
fraction increased during exercise (57 + 1 percent [mean + standard 
error] at rest, 71 + 2 percent during exercise, P <0.001). In contrast, 
among 21 symptomatic patients, ejection fraction was normal at rest in 
14 patients (average 47 + 2 percent) but normal during exercise in only 
one patient (average 38 + 2 percent, P <0.001). Ejection fraction was 
normal at rest in 21 of 22 asymptomatic patients (average 62 + 2 percent) 
but was normal during exercise in only 13 (average 57 + 3 percent, P 
<0.001). Thus, exercise-induced left ventricular dysfunction can precede 
symptoms and dysfunction at rest. Radionuclide assessment of left ven- 
tricular function during exercise may prove valuable in sequentially fol- 
lowing the state of left ventricular function in patients before the onset 
of symptoms or of irreversible left ventricular failure. 


Although in symptomatic patients with severe aortic regurgitation 


various measures of left ventricular function, including ejection fraction, - 


end-diastolic pressure and cardiac output, may be normal when mea- 


sured at rest, dysfunction almost invariably develops during exercise | 
or other stress.? Even asymptomatic patients, who usually exhibit . 


normal left ventricular function at rest, may manifest functional ab- 
normalities when the heart is subjected to stress.? 

Recently we demonstrated that noninvasive radionuclide cineangi- 
ography performed during exercise can detect abnormalities of left 
ventricular function not apparent at rest in patients with coronary artery 
disease.?4 In this investigation, we conducted radionuclide cineangio- 


graphic studies during exercise in patients with aortic regurgitation in - 
the hope of finding evidence of deterioration of left ventricular function _ 


before the development of symptoms or the occurrence of left ventricular 
dysfunction at rest. 


Methods 
Patients 


All patients with severe aortic regurgitation seen at the National Heart, Lung, 
and Blood Institute between April 1976 and June 1977 were studied. The group 
consisted of 37 men and 6 women, 16 to 65 years of age. In all 21 symptomatic 
patients and in 14 of the 22 asymptomatic patients, severe aortic regurgitation 
was documented with aortic root contrast cineangiography performed within 


2 days of radionuclide cineangiography. In four other asymptomatic patients, — — 


the diagnosis of severe aortic regurgitation had been documented with cathe- 

terization studies performed 1 or more years before the present study. 
Grading of aortic regurgitation: Severe aortic regurgitation was defined 

as dense opacification of the left ventricle, equal to or greater than aortic opac- 
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ification, occurring within two beats after the injection of 
contrast medium into the aortic root and with clearing of 
contrast medium from the left ventricle delayed for more than 
three beats after cessation of injection. In addition, all patients 
had left ventricular dilatation with echocardiographic left 
ventricular transverse dimension in diastole (LVTDg) greater 
than 60 mm or left ventricular end-diastolic volume greater 
than 200 ml as assessed with contrast left ventriculography. 
In the four asymptomatic patients who did not undergo 
catheterization, evidence of severe aortic regurgitation in- 


cluded (1) a holodiastolic aortic regurgitant murmur of at least 
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grade 3/6; (2) systemic arterial diastolic pressure of 50 mm Hg 
or less measured with arm cuff sphygmomanometry, with a 


. pulse pressure of 80 mm Hg or greater; (3) evidence of left 


ventricular dilatation on echocardiography (transverse di- 
mension greater than 60 mm); and (4) no evidence of mitral 
regurgitation (on auscultation) or stenosis (on echocardiog- 
raphy). 

Functional status: For purposes of this analysis, patients 
were considered asymptomatic only if they had no history of 


symptoms of congestive heart failure, chest pain, lighthead- 
. edness or exercise intolerance; thus, such subjects functionally 

were in New York Heart Association class I.5 All other patients 
— had symptoms consisting of one or more of the following: 
. moderately severe dyspnea on exertion, orthopnea, paroxys- 


mal nocturnal dyspnea, angina, syncope or presyncope. In this 
hospital any one of these symptoms is considered an indication 
for operation in a patient with severe aortic regurgitation. 
Three additional patients were considered symptomatic al- 
though their symptoms were judged to be sufficiently mild or 


atypical (for example, nonreproducible mild exercise intol- 


erance or nonexertional chest pain) to require no operation. 

In patients taking digitalis or diuretic drugs, these medi- 
cations were discontinued approximately 1 week before the 
study. No patient was taking propranolol, and one symp- 
tomatic patient was taking quinidine, 200 mg four times daily, 
at the time of study. 

Cardiac catheterization: In addition to aortic root cine- 
angiography, intracardiac pressure recordings were obtained 


and contrast left ventriculograms were performed in the right 
anterior oblique projection. Patients were excluded from 


analysis if at catheterization they manifested a systolic gra- 


. dient greater than 10 mm Hg across the aortic valve, an end- 


diastolic gradient across the mitral valve or systolic mitral 
regurgitation. In the four asymptomatic patients who un- 
derwent catheterization more than 1 year earlier, left ven- 


tricular end-diastolic pressure was not tabulated for this 
. analysis. All symptomatic patients over 30 years of age un- 
- derwent coronary arteriography. Patients were excluded from 


analysis if coronary arterial narrowing of 30 percent or greater 
was noted. . 

M mode echocardiography was performed in each patient 
for determination of left ventricular transverse dimension in 
diastole at rest. Echocardiography was performed within 2 


. days of radionuclide studies. 


Normal controls: Thirty normal subjects were also stud- 
ied. They ranged in age from 19 to 63 years and had no clinical, 
electrocardiographic or echocardiographic evidence of car- 
diovascular or other systemic disease. Each normal subject 
had normal left ventricular systolic function at rest as indi- 
cated by an ejection fraction of 65 percent or greater on 
echocardiography.® 


Gated Cardiac Scintigraphy 


This procedure was performed with subjects in the supine 
position at rest and during exercise, as previously described.?^4 


PTTY - n 
C27 


i 


we AEE 


L] i 
M. Bu fe 
TT Afa Pe big 
FI Wi 


In this procedure, human serum albumin labeled with 10 mCi 
of technetium-99m is administered intravenously. After the 
tracer has equilibrated in the blood pool, a conventional Anger 
camera (field of view = 254 mm diameter) equipped with a 
high sensitivity parallel hole collimater is oriented in the 
modified left anterior oblique position?-? to isolate the left 
ventricle in the field of view. Imaging is accomplished with use 
of a computer-based procedure that is gated to the electro- 
cardiogram, as previously described.7-!! The spatial resolution 
of this system is 1 cm. 

When this procedure is used, data are collected and con- 
currently organized into a series of images (framing rate up 
to 100 frames/sec), residing in the core memory of the com- 
puter and spanning the average cardiac cycle. While data are 
being acquired, these images can be displayed in rapid se- 
quence, that is, in endless-loop flicker-free movie format, so 
that qualitative information regarding spatial and temporal 
variation of the cardiac chambers is immediately accessible. 
Visually interpretable information is produced within 30 
seconds of the onset of data collection, and statistically reliable 
results within 1 to 2 minutes.!9:!! The rapidity of data col- 
lection permits the procedure to be applied to studies during 
exercise, even in patients with exercise-induced symptoms 
that might preclude prolonged exercise and imaging.®412,13 

While the cardiac images are being created, the computer 
simultaneously analyzes the acquired data to produce a 
time-activity curve with high (10 msec) resolution.7-!! Cor- 
rections for background activity are made as previously de- 
scribed.7-? Because blood radioactivity is proportional to blood 
volume, after correction for background the time-activity 
curve in fact represents a measure of left ventricular volume 
versus time. Therefore, once the physician has identified the 
left ventricle in the end-diastolic movie frame, quantitation 
of relative left ventricular volume changes with time can be 
performed. 

Statistically reliable information is obtained by summing 
the radioactivity in the ventricle during many beats. In most 
studies at least 200 beats, involving more than 2,000,000 total 
counts, are summed. After each cardiac cycle the length of the 
R-R interval is automatically examined to determine whether 
it lies within a physician-selected temporal beat-length win- 
dow. Cycles falling outside this window are rejected to prevent 
distortion of the time-activity curve and movie by premature 
beats. No provision is made for special assessment of patients 
with intraventricular conduction defects, but no patient in this 
study had either right or left bundle branch block. 

Imaging during exercise: After images and time-activity 
curves were obtained at rest, the subjects, still in the supine 
position, began to pedal a bicycle ergometer. Exercise loads 
were increased in stepwise fashion at 2 minute intervals, with 
exercise continued until limited by fatigue or, in symptomatic 
patients, by the development of limiting dyspnea or, rarely, 
angina pectoris. Imaging was begun when the heart rate 
reached 10 beats/min below the age-predicted or previously 
determined maximal heart rate, or at the first indication of 
the development of symptoms, if this occurred earlier. Imaging 
continued for at least 2 minutes. Because symptoms occa- 
sionally caused patients to stop exercise at heart rates below 
those achieved by normal subjects at peak exercise, imaging 

and analysis were undertaken in normal subjects at several 
intervals during exercise at submaximal as well as maximal 
heart rates. In all subjects, heart rate and blood pressure 
(measured using arm cuff sphygmomanometry) were recorded 
at 1 to 2 minute intervals during exercise. 

Determination of ejection fraction: After completion of 
imaging, left ventricular ejection fraction at rest and during 
exercise was determined by computer analysis of left ven- 
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FIGURE 1. Effect of exercise (EX) on left ventricular ejection 
fraction in symptomatic and asymptomatic patients with 
aortic regurgitation. Open circles represent values from 
patients with minimal symptoms (see text); open circles with 
bars indicate average ejection fraction values; the dashed 
line at ejection fraction value of 55 percent represents the 
lower limit of normal during exercise (see text). P = proba- 
bility. 


tricular time-activity curves, as previously described.7-? Ra- 
dionuclide scintigraphic assessment of ejection fraction pro- 
duces results that correlate very closely with those obtained 
with contrast angiography (r = 0.92, P < 0.001)"4; the varia- 
tion of ejection fraction at rest in a single patient over 2 hours 
is 5 percent or less. 

In establishing whether the ejection fraction response of 
patients with aortic regurgitation was normal during exercise, 
we included as normal ejection fractions that were within the 
range observed during exercise in our normal volunteers. 
Thus, an ejection fraction during exercise was considered 
normal whether it had increased or decreased in comparison 
with the value at rest so long as the absolute value was within 
the previously determined normal range. 

Left ventricular volumes: At equilibrium, after back- 
ground correction, the number of radioactive emissions from 
the left ventricle is proportional to the amount of blood in the 
left ventricle. Thus, we estimated the magnitude of the change 
in end-diastolic volume from rest to exercise by comparing the 
total number of radioactive emissions per millisecond in the 
left ventricle in the end-diastolic frame of each time-activity 
curve. The number of emissions collected during exercise was 
corrected for loss of radioactivity by physical decay and bio- 
logic excretion during the 10 to 25 minutes that elapsed be- 
tween the beginning of the rest and the beginning of the ex- 
ercise studies. In this time period, decay varied from 3 + 1 
percent (at 10 minutes) to 8 + 2 percent (at 25 minutes).!5 
This method is not sufficiently well developed to allow esti- 
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| Aortic Regurgitation 
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mation of absolute left ventricular volumes. However, studies 
with technetium-filled Lucite® spheres indicate that the 
method can be used to define relative volumes.!6 
Statistical comparisons were obtained with use of Stu- 
dent's t test, the Fisher Exact Test and analysis of vari- 
ance. 


Results 


Normal subjects: In normal subjects the ejection 
fraction at rest ranged from 45 to 71 percent (average 
57 + 1 percent [standard error]). In this study we used 
these values to define the range of the normal ejection 
fraction at rest. In addition, in these normal subjects the 
ejection fraction invariably increased from rest to ex- 
ercise (Fig. 1), irrespective of the intensity of load. Thus, 
the average ejection fraction was 65 + 1 percent during 
mild exercise (heart rate 90 to 105 beats/min), 69 + 1 
percent during moderate exercise (heart rate 106 to 120 
beats/min) and 71 + 2 percent (range 58 to 93 percent) 
during maximal exercise. Compared with the values at 
rest, the increase in ejection fraction at each heart rate 
level was statistically significant (P «0.001). The lowest 
ejection fraction achieved by any subject during any of 
the three levels of exercise was 55 percent. Therefore, 
we considered normal ejection fraction during exercise 
to include all values greater than 55 percent. 
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Symptomatic patients with aortic regurgitation: 
Among the 21 symptomatic patients, ejection fraction 
at rest averaged 47 + 2 percent (compared with 57 + 1 
percent in normal subjects) (P <0.001) and was within 
the normal range in 14. However, during maximal ex- 
ercise it averaged 38 + 2 percent (compared with 71 + 
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FIGURE 2. Relation between left ventricular (LV) ejection fraction during 


exercise and echocardiographic left ventricular transverse dimension 
(LVTD, expressed in millimeters) at rest. PTS = patients. 


Pe oe ee ee ee ee ee SERES 


^ NVITUUES "zT mar? 


2 percent in normal subjects, P <0.001), and was normal 
in only one patient. Moreover, in all but one symp- 
tomatic patient, ejection fraction decreased from rest 
to exercise (P <0.001 compared with the direction of 
change in normal subjects). In the one exception, ejec- 
tion fraction did not change with exercise. Heart rate 
at maximal exercise averaged 127 beats/min for the 
group, with a range of 99 to 159, overlapping all three 
heart rate ranges at which ejection fraction was mea- 
sured in normal subjects. 

Asymptomatic patients with aortic regurgitation: 
In the 22 asymptomatic patients, the average ejection 
fraction at rest was 62 + 2 percent (difference not sig- 
nificant from the value in normal subjects). The ejection 
fraction was below the normal range at rest (Fig. 1) in 
only one of these patients, but during maximal exercise, 
it was below, and occasionally far below, the normal 
exercise range in nine. Although the ejection fraction 
increased with exercise in 6 asymptomatic patients, it 
decreased in 16. During exercise, ejection fraction for 
the group was 57 + 3 percent (P <0.001 compared with 
normal subjects and symptomatic patients). The aver- 
age heart rate at maximal exercise in asymptomatic 
patients was 134 beats/min (range 102 to 171), not sig- 
nificantly different from that in symptomatic patients. 
Moreover, there was no correlation (r = 0) between 
ejection fraction developed during exercise and maximal 
heart rate during exercise for either asymptomatic or 
symptomatic patients. 

Relation between ejection fraction and left 
ventricular size: To determine whether the response 
to exercise in patients with aortic regurgitation was 
influenced by left ventricular dilatation, we examined 
the relation between ejection fraction during exercise 
and left ventricular size at rest and during exercise. The 
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FIGURE 3. Relation between left ventricular (LV) ejection 
fraction during exercise and peak systolic arterial pres- 
sure during exercise. Symbols as in Figure 2. 
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degree of left ventricular dilatation at rest was assessed and asymptomatic subgroups. Moreover, this lack of | 


by determining the left ventricular transverse dimen- 
sion in diastole measured with echocardiography. First, 
a correlation (r = 0.47, P <0.01) was noted between 
ejection fraction during exercise and diastolic transverse 
dimension. However, as shown in Figure 2, there was a 
wide variation in ejection fraction during exercise at any 
level of diastolic transverse dimension, so that 
transverse dimension could not be used to predict ex- 
ercise ejection fraction, either in the whole group or in 
the subgroup with subnormal ejection fraction during 
exercise. 

Scintigraphic estimation of relative left ventricular 
end-diastolic volume indicated that this value changed 
very little during supine exercise in patients with aortic 
regurgitation (6 percent decrease, P «0.001), and the 
-= change did not correlate with the ejection fraction 
during exercise. End-diastolic volume decreased 6 
percent (P «0.01) in the 14 patients with a normal 
ejection fraction during exercise and 6 percent (P «0.01) 


in the 29 patients with a subnormal ejection fraction stolic pressure at rest (Fig. 4) and in 6 of 17 patients(35 — 

during exercise. In normal subjects end-diastolic volume percent) lacking Romhilt-Estes criteria (5 points or — - 

decreased slightly (3 percent) but not significantly more) for definite left ventricular hypertrophy on 
during exercise compared with the values at rest. electrocardiography (Fig. 5). None of the 13 patients 
Correlation with systolic arterial pressure: There with a left ventricular end-diastolic pressure of 20 mm 
was no correlation between ejection fraction during Hg or greater and only 2 of 17 patients (12 percent) with 
maximal exercise and peak systolic arterial pressure a Romhilt-Estes score of 6 or more (two abnormalities 
during exercise (Fig. 3). This was true not only for the previously associated with a particularly poor long-term 
entire group but also for patients in the symptomatic prognosis after operation!) had a normal ejection 
fraction during exercise. There was a correlation, al- 

though weak (r = 0.48, P <0.01), between exercise 

ejection fraction and left ventricular end-diastolic 
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LVEDP 


FIGURE 4. Relation between left ventricular (LV) ejection fraction during 
exercise and left ventricular end-diastolic pressure (LVEDP expressed 
in mm Hg) at rest. Symbols as in Figure 2. The solid line at a left ven- 
tricular end-diastolic pressure of 20 represents the previously reported 
level at or above which long-term postoperative prognosis has been 
found to be poor (see text). 


correlation was manifest even when patients were 
grouped according to the degree of left ventricular di- 
latation as assessed with echocardiography. Finally, 
peak systolic pressure attained during exercise by nor- 
mal subjects (range 150 to 245 mm Hg, average 190) 
demonstrated considerable overlap with the pressure 
attained by patients with aortic regurgitation (range 120 
to 300 mm Hg, average 200), and the difference between 
the averages was not significant. 

Ejection fraction and left ventricular dysfunc- 
tion: Subnormal ejection fraction during exercise gen- 
erally appeared before the manifestations of left ven- 


tricular dysfunction commonly assessed noninvasively — 


or at cardiac catheterization. Thus, not only was sub- 
normal ejection fraction noted during exercise in 9 of 
21 patients (43 percent) with no symptoms and in 20 of 
34 patients (59 percent) with a normal ejection fraction 
at rest, but also in 6 of 10 patients (60 percent) with a 
normal (less than 15 mm Hg) left ventricular end-dia- 
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FIGURE 5. Relation between left ventricular (LV) ejection fraction during 
exercise and Romhilt-Estes electrocardiographic (ECG) score for left 
ventricular hypertrophy. Symbols as in Figure 2. The solid line at a 
Romhilt-Estes score of 6 represents the level at or above which long- 
term postoperative prognosis has been found to be poor (see text). 
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pressure at rest, and between exercise ejection fraction 
and Romhilt-Estes score (r = 0.51, P <0.01). 


Discussion 


Exercise ejection fraction and left ventricular 
dysfunction in aortic regurgitation: Our results in- 
dicate that in many patients with severe aortic regur- 
gitation ejection fraction is subnormal during exercise, 
even if it is normal at rest. Thus, although the ejection 
fraction was subnormal at rest in only 8 of our 43 pa- 
tients (19 percent) with aortic regurgitation, it was ab- 
normal during exercise in 29 (67 percent). Moreover, 


. even patients who are totally asymptomatic and who 
_ have a normal ejection fraction at rest may manifest a 


subnormal ejection fraction during exercise. 

The development of impaired left ventricular func- 
tion during exercise is not surprising. It has been dem- 
onstrated that patients with severe aortic regurgitation 


'as well as other forms of heart disease!*4:18-2! may ex- 
hibit normal cardiac function at rest, dysfunction be- 
- coming apparent only when the available functional 
reserve is exceeded. Previous demonstrations of these 
stress-induced abnormalities have often involved the 
. use of invasive techniques, which are impractical for 
- routine or repeated evaluation. Radionuclide cinean- 


giography affords a relatively safe, simple and nonin- 
vasive method allowing repeated evaluation during 
physiologic stress over prolonged periods of follow- 


In these patients with severe aortic regurgitation an 


- abnormal ejection fraction during exercise could not be 


predicted from symptoms, a normal ejection fraction 
measured at rest, the degree of left ventricular dilata- 
tion, the peak systolic pressure attained during exercise 


or a combination of these factors. In addition, the ex- 
- ercise ejection fraction was often subnormal when left 


ventricular end-diastolic pressure was normal at rest or 


^. when electrocardiographic criteria for left ventricular 
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hypertrophy were lacking. 
The response of ejection fraction during exercise 
seems, therefore, to represent a sensitive and potentially 


. useful clinical index of the functional status of the left 


ventricle in patients with aortic regurgitation. This 
conclusion is consistent with the results of earlier 
studies on the effect of stress on left ventricular function 


. in such patients. Thus, Bolen et al.,? utilizing angio- 


tensin to increase afterload in 14 patients with isolated 
aortic regurgitation (many with normal left ventricular 


. function at rest), demonstrated that despite similar 
. increments in aortic pressure and end-diastolic volume 


during angiotensin administration, cardiac index and 
ejection fraction did not change in half the patients and 
decreased significantly in the other half. Considerable 
overlap in pre-angiotensin values for end-diastolic 
volume, ejection fraction and aortic pressure, and in 
post-angiotensin regurgitant fraction, existed between 
the two groups. 

Exercise ejection fraction and contractile state 
of myocardium: Abnormality in the ejection fraction 
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during exercise does not necessarily indicate impair- 
ment in the intrinsic contractile state of the myocar- 
dium, because ejection fraction is also affected by al- 
teration in preload and afterload. Thus, Urschel et al.?? 
demonstrated that acute volume loading increases 
ejection fraction, and Ross and McCollogh?? found 
similar results in assessing the effects of chronic volume 
loading in aortic regurgitation. In addition, the devel- 
opment of an acute pressure load during exercise might 
preclude an increase in ejection fraction even if ven- 
tricular function were normal.?* However, the presence 
of important intrinsic left ventricular dysfunction in 
patients with aortic regurgitation and an abnormal 
ejection fraction response to exercise is suggested by 
preliminary studies indicating that ejection fraction 
during exercise, although improved, most often does not 
revert to normal even after preload and afterload are 
reduced or after aortic valve replacement.!? 

In any case, the potential utility of radionuclide 
cineangiography during exercise may not depend on 
whether an abnormal ejection fraction always indicates 
intrinsic myocardial dysfunction. Just as ejection 
fraction at rest is a valuable guide to the functional 
status of the left ventricle?» and to prognosis,?9.?7 ejec- 
tion fraction during exercise might be expected to prove 
valuable empirically as an early indicator of diminished 
left ventricular functional reserve and, perhaps, of 
prognosis. This is a particularly intriguing possibility, 
because abnormalities in exercise ejection fraction occur 
relatively early in patients with severe aortic regurgi- 
tation, before the development of symptoms or of ab- 
normal ejection fraction at rest, and occasionally before 
abnormalities in left ventricular end-diastolic pressure 
or electrocardiographic evidence of left ventricular 
hypertrophy. 

Clinical implications: When the natural history of 
patients with aortic regurgitation is considered, the 
presence of left ventricular dysfunction induced only 
by stress probably represents an intermediate point 
between normal left ventricular function and the de- 
velopment of left ventricular dysfunction at rest. The 
present study indicates that radionuclide cineangiog- 
raphy is uniquely suited for periodic assessments aimed 
at detecting early development of left ventricular dys- 
function. If follow-up studies demonstrate a relation 
between exercise ejection fraction and natural history, 
evaluation with radionuclide cineangiography may 
provide critically important information that could lead 
to a reassessment of the appropriate timing of operative 
intervention. 
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To assess the prevalence and clinical relevance of right ventricular in- 
volvement in acute inferior wall infarction, 78 consecutive patients with 
the latter condition were studied with thallium-201 and technetium-99m 
pyrophosphate myocardial imaging. Right ventricular involvement was 
determined from superimposition of the 45? left anterior oblique thal- 
lium-201 and technetium-99m pyrophosphate images. All 78 patients 
showed thallium-201 defects. Sixty-four patients had positive pyro- 
phosphate scans, and 24 of these (37.5 percent) showed right ventricular 
involvement. None of the patients with right ventricular involvement in 
this consecutive series showed the classic signs of severe right ventricular 
failure, although subclinical right ventricular dysfunction may have been 
present. There was no significant difference in the incidence of cardiogenic 
shock between the groups with and without right ventricular involvement. 
It is concluded that right ventricular involvement in acute inferior wall 
infarction is relatively frequent but not necessarily associated with severe 
right-sided pump failure. In patients with acute inferior wall infarction and 
severe pump failure, dual imaging provides a simple noninvasive method 
of identifying the subgroup of patients with right ventricular involvement 
who may benefit from volume loading. 


The recognition of right ventricular involvement in acute inferior wall 
infarction has attracted increasing interest.'? The initial description! 
of this pathophysiologic event included data on six patients with hypo- 
tension and frank shock manifesting disproportionately elevated right 
ventricular filling pressures and a favorable therapeutic response to. 
volume expansion. Although right ventricular infarction without shock 
was initially considered a relatively rare phenomenon,’ more recent 
pathologic and clinical studies? suggest that it may be relatively 
common in inferior infarction. The true prevalence and the clinical 
relevance of right ventricular involvement in infarction has not been 
established. This study was undertaken to evaluate the prevalence and 
clinical implications of right ventricular involvement in acute inferior 
wall infarction as determined noninvasively with dual thallium-201 and 
technetium-99m pyrophosphate myocardial imaging. 


Material and Methods 


Patient population: Seventy-eight consecutive patients with electrocar- 
diographic evidence of acute inferior wall infarction were studied with thal- 
lium-201 and technetium-99m pyrophosphate scintigraphy. ''here were 58 men 
and 20 women whose ages ranged from 43 to 80 years (average 55 years). All 
patients had an acute myocardial infarction with a history of sustained chest 
pain, the development of Q waves of 0.04 second's duration and characteristic 
evolutionary changes in serum enzymes (glutamic oxaloacetic transaminase, 
lactic dehydrogenase, MB creatine kinase). The electrocardiographic site of 
infarction was determined according to the criteria of the New York Heart As- 
sociation.? No patient had sustained a previous infarction. 


i 





FIGURE 1. Method of determining right ventricular 
involvement with dual myocardial imaging. During 
both studies a lead marker is taped to the chest wall 
within the field of view (open arrow). This spatial ref- 
erence allows accurate superimposition of schematic 
drawings of the images. The thallium-201 (?9'TI) 
image (left) shows an inferoposterior defect (solid 
arrow). In the left anterior oblique (LAO) 45? view, the 
site of the interventricular septum (s) separates the 
area of the right and left ventricles. The technetium- 
99m pyrophosphate image (99"mTc-PYP) (center) 
shows 3+ accumulation at the inferior wall (solid 
arrow). Superimposition of schematic drawings of 
both images (right) shows that the abnormal techne- 
tium-99m pyrophosphate accumulation is located 
lateral to the interventricular septum and is therefore 
in the left ventricle. Because no uptake is seen an- 
terior to the interventricular septum, right ventricular 
involvement is not present. 


Scintigraphy: All patients were studied with thallium-201 
scintigraphy shortly after their admission within 20 hours 
(mean 10 hours) after the onset of infarction and subsequently 
underwent imaging with technetium-99m pyrophosphate. 
Pyrophosphate scintigraphy was performed at least 24 hours 
(mean 32 hours) after the onset of symptoms of acute myo- 
cardial infarction. Because the left anterior oblique views were 
made with the patient in the supine position and with 45? 
angulation of the detector head of the gamma camera, accu- 
rate repositioning of the patient, even on two consecutive days, 
could be done readily. During both scintigraphic studies, lead 
markers were taped in the same marked place on the chest 
wall of each patient. These markers were within the field of 
view and provided a spatial reference that allowed subsequent 
accurate superimposition of the images. 

Myocardial imaging with thallium-201 was started 5 min- 
utes after injection of 1.7 to 2.7 mCi of thallium. Imaging with 
technetium-99m pyrophosphate was started 1.5 to 2 hours 
after injection of 12 mCi of this agent. Analog images were 
obtained with an Ohio Nuclear ON100 scintillation camera, 
using a low energy high resolution parallel hole collimator. The 
energy window (20 percent) was symmetrically set over 75 kev 
for thallium-201 and 140 kev for technetium-99m pyrophos- 
phate. For each study scintiscans were obtained in three dif- 
ferent positions (anterior 0°, left anterior oblique 45° and left 
lateral 90°, the latter with the patient lying on his right side). 
For each image 300,000 counts were accumulated. 

Analysis and comparison of thallium-201 and techne- 
tium-99m pyrophosphate images: Unprocessed analog 
images were analyzed to determine the location and extent 
of diminished thallium-201 activity and abnormal techne- 
tium-99m pyrophosphate accumulation. The thallium-201 
scintiscans were graded as positive, questionable or normal 
according to previously published techniques.!° The judgment 
of diminished or absent activity was made qualitatively by 
comparing thallium-201 accumulation in different areas of 
the myocardium of the left ventricle. Scintiscans graded 
positive (indicating a defect) showed a consistent area of 
definite diminished thallium-201 activity, equal to or less than 
lung activity, in all three views. Questionable scans were those 
with either a consistent area with diminished activity but 
slightly higher than background activity in all three views or 
a defect in only one view. Normal scans showed homogeneous 
thallium uptake in the left ventricle in all three views. The 
. accurate extent of an area of diminished activity—that is, 
involvement of lateral wall or septum—was noted. Statistical 
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analysis was performed using the Fisher Exact test. The in- 
tensity of technetium-99m pyrophosphate uptake was graded 
0 to 4+ according to the scheme devised by Parkey et al.!! Zero 
represented no activity, 1+ questionable activity, 2+ definite 
activity in the myocardium equal in intensity to that in the 
ribs, 3+ activity equal to that in the sternum and 4+ activity 
exceeding sternal activity. Scintiscans showing pyrophosphate 
activity of 2+ or more in the left ventricle were considered 
positive. In addition, the pattern of activity was judged to be 
focal or diffuse. The interpretation of scintiscans in this study 
represented a consensus of independent evaluations by two 
observers. : 

Right ventricular involvement was determined as follows: 
In the 45° left anterior oblique images the interventricular 
septum, as visualized with thallium-201, separates the area 
of the right and left ventricles. A schematic drawing of the 
thallium-201 image of the left ventricle and the position of the 
lead markers in the left anterior oblique view was made on 
transparent paper. This drawing (Fig. 1) was then superim- 
posed on the left anterior oblique view of the technetium-99m 
pyrophosphate image. Technetium-99m pyrophosphate ac- 
tivity located lateral to the interventricular septum was in- 


terpreted as left ventricular activity, whereas activity located 


anterior to the septum and adjacent to the activity of the 
sternum was interpreted as right ventricular activity. 
Estimation of pump failure: The presence of congestive 


heart failure was judged from the physical examination. He- — ‘ 


modynamic monitoring with a Swan-Ganz catheter was per- 
formed only in patients with severe pump failure. Right-sided 
congestive heart failure was assessed from clinical estimation 
of venous pressure, evaluation for neck vein distension and 


the presence of peripheral edema. Left-sided congestive heart 


failure was determined clinically from the presence of pul- 
monary rales, a third heart sound gallop, radiographic as- 
sessment of pulmonary congestion or cardiomegaly, and uri- 
nary output. Killip’s classification!” was used to categorize 
these patients: class I, no signs of pump failure; class IT, rales 
over 50 percent or less of the lung fields; class III, pulmonary 
edema; and class IV, cardiogenic shock. 


Results 


Thallium-201 and technetium-99m pyrophos- 
phate scintigraphy (Table I): All 78 patients showed 
a defect at the inferior or inferoposterior wall in the 
thallium-201 scintiscans. The technetium-99m pyro- 
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[ TABLE | 

^. Results in 78 Consecutive Patients With 


Acute Inferior Infarction 
Technetium-99m Pyrophosphate 
Positive (> ++} — Negative 


i Tm 





a 

/ — Thallium-201 

i Positive 

p 78/78 64/78 14/78 

l M 

"3 LV+RV— LV+RV+ 

k € 40/64 24/64 

o | (37.596) 

|... LVŁRV+ = abnormal accumulation of technetium-99m pyrophos- 

phate in both the left and right ventricles. LV-FRV— = abnormal tech- 

E netium-99m pyrophosphate accumulation in the left but not the right 

y ventricle. : 


E konbat scintiscans showed abnormal (2+ or more) 
| g focal left ventricular activity at the inferior wall in 64 


B unteriot obligue views with the lead markers as refer- 
iy ence points showed uptake of technetium-99m pyro- 
—. phosphate in the right ventricle in 24 of 64 patients (37.5 
— percent) (Group A). Examples from these patients are 
-. shown in Figure 2. Thirteen patients in Group A showed 
technetium-99m pyrophosphate activity equal to that 
. in the left ventricle, whereas in 11 patients right ven- 
tricular technetium-99m pyrophosphate activity was 
Slightly less than in the left ventricle. In 40 patients with 
positive pyrophosphate scans no accumulation was 
present in the area of the right ventricle (Group B). 
- Fourteen of the 78 patients had negative pyrophosphate 
|. scans (Group C). In 7 of these 14 patients the intensity 
E of accumulation was 1+ and diffuse; in 7 other patients 
E no activity was present. In these 14 patients imaging was 
g 

f 
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performed at a mean time interval of 28 hours after the 

onset of infarction. Technetium-99m pyrophosphate 
imaging was not repeated in these patients. 

In 25 of 78 patients the defect in the thallium-201 

scans also partly involved the interventricular septum. 

E 'The prevalence of septal involvement was greater in 

E Group A (12 of 23 patients) than in Group B (10 of 40 

; 


TABLE Il 
| Cause of Death 


Group 





i PYPLy PYPry | 
Group A >++ 18 
- (24 pts) 
zc 
Group B 7 30 
. (40 pts) 
Group C + -— 6 
(14 pts) 7 = 5 


-~ pyrophosphate uptake in the left ventricle; PYPry = 
heart failure. 
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patients). This difference is significant (P = 0.03) when 
verified with the Fisher Exact test. 

Incidence of congestive heart failure (Table II): 
Left-sided congestive heart failure occurred in 18 of 78 
patients. The incidence of congestive heart failure was 
not significantly different among Groups A, B and C. 
Cardiogenic shock occurred in two patients in Group A, 
three patients in Group B and two patients in Group 
C. 

Only one patient in this study showed signs of mod- 
erate right-sided congestive heart failure. This patient 
had 2+ technetium-99m pyrophosphate uptake in the 
right ventricle. The clinical course in this patient was 


ds 
~ i » 
o 3 Y 


normal after conventional treatment with diuretic drugs - 


and digitalis. 

Causes of death: Eight of the 78 patients died. Two 
of these patients had negative technetium-99m pyro- 
phosphate scintiscans; both patients died from car- 
diogenic shock. Three of 24 patients in Group A died, 
2 from cardiogenic shock and 1 from cardiac rupture. 
In Group B, 3 of 40 patients died from cardiogenic 
shock. 


Discussion 


In this study thallium-201 scintigraphy appeared to 
be considerably more sensitive than technetium-99m 
pyrophosphate in detecting acute myocardial infarction. 
This can be explained by the relatively early perfor- 
mance of the thallium-201 studies— within 20 hours 
after infarction, a period when the sensitivity level of 
the method is high.!? On the other hand, technetium- 
99m pyrophosphate imaging was not repeated in pa- 
tients who had a negative scan. Although these studies 
were performed at an appropriate time interval of at 
least 24 hours after infarction, it is possible that some 
studies that later became positive were not included. 

Prevalence of right ventricular involvement in 
acute inferior wall infarction: Our data indicate that 
right ventricular involvement occurs in 37.5 percent of 
patients with acute inferior wall infarction. We assumed 


. Relation Between Results of Technetium-99m Pyrophosphate imaging and Incidence of Congestive Heart Failure and 


LCHF Class Cause of Death 
lH Il IV RCHF 
3 2 1 1 2 
6 1 3 3 
1 
2 2 


a CR = cardiac rupture; CS = cardiogenic shock; LCHF class = Killip’s classification’? for left-sided congestive heart failure; PYP, , = technetium-99m 
technetium-99m pyrophosphate uptake in the right ventricle; RCHF = right-sided congestive 


++, + and — = grading for technetium-99m pyrophosphate uptake (see text). 
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FIGURE 2. Dual imaging with thallium-20 1 (?9'TI) 
and technetium-99m pyrophosphate (99""Tc-PYP) 
in patients with acute inferior wall infarction and 
right ventricular involvement without clinical signs 
of severe right ventricular failure. Left, thallium- 
201 scintiscans show an inferoposterior defect 
well visualized in the anterior (Ant) and left lateral 
(LL) views. The left anterior oblique (LAO) view in 
the technetium-99m pyrophosphate image shows | 
the typical horizontal platelike activity of an infe- 
rior wall infarction. The spatial reference provided 
by the lead marker reveals that this activity also 
involves the right ventricle (rv). Right, thallium-20 1 
scintiscans show an inferoposterior defect in all 
three views. The technetium-99m pyrophosphate 
left anterior oblique image shows characteristic 
w-shaped activity due to uptake in the interven- 
tricular septum (s) (arrow) and in the right ventri- 
cle. 





in our study that technetium-99m pyrophosphate ac- 
cumulation in the right ventricle indicates myocardial 
damage. This assumption seems appropriate because 
Sharpe et al.’ recently reported that technetium-99m 
pyrophosphate uptake in the right ventricle correlated 
with right ventricular dysfunction as judged from gated 
blood pool imaging. 

The reported prevalence of right ventricular infarc- 
tion varies greatly. In 1934 Appelbaum et al.? reported 
a prevalence rate of 7 percent in a postmortem study. 
In 1970 Harnarayan et al.!? reported right ventricular 
involvement in 85 percent of the patients who died from 
cardiogenic shock after acute myocardial infarction. 
These differences can be explained by differences in 
patient population, myocardial staining techniques and 
the introduction of coronary care units, which made 
prolonged survival of patients with severe myocardial 
damage possible. Since the description by Cohn et al.! 
of the clinical findings in patients with right ventricular 
infarction, three studies in relatively small series of 
patients suggested a relatively high frequency of right 
ventricular involvement in inferior wall infarction. Rigo 
et al. and Sharpe et al.” used gated blood pool images 
to visualize right ventricular dysfunction. Their studies 
indicated a prevalence rate of 43 and 40 percent, re- 
spectively. Recently Reduto et al. reported abnormal 
right ventricular ejection fraction as assessed from a 
radionuclide first-pass method in 50 percent of the 
patients with acute inferior wall infarction. 

Clinical relevance: The initial report on right ven- 
tricular infarction! emphasized that severe pump failure 
may develop and the patients may present the clinical 
findings of cardiogenic shock. Recognition of this con- 
dition was considered important because volume 
loading resulted in a striking improvement of cardiac 
output and clinical survival.$ In the present study, right 
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FIGURE 3. Dual imaging with thallium-20 1 and technetium-99m pyro- 
phosphate in a patient with an acute inferior wall infarction and right 
ventricular involvement and the classic clinical symptoms of severe 
right ventricular failure. Note that the amount of technetium-99m py- 
rophosphate accumulation in the right ventricle is more impressive than 
that in the images in Figure 2. Abbreviations as in Figure 2. 
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. ventricular involvement, as assessed from techne- 
tium-99m pyrophosphate accumulation, was relatively 
frequent; however, no patient had severe right ven- 
tricular failure. Only one patient with positive techne- 
tium-99m pyrophosphate uptake in the right ventricle 
showed moderate evidence of elevated central venous 

pressure and systemic venous engorgement. Although 
it is possible that right ventricular infarction was not 
recognized in the patients with cardiogenic shock, these 

patients showed right ventricular filling pressures 

- within normal limits and significantly evaluated pul- 

monary wedge pressures consistent with severe left 

ventricular failure. The incidence of cardiogenic shock 
was not different in the group with and without right 
ventricular involvement. In light of the data of Sharpe 

- et al.” it seems very likely that subclinical right ven- 

. tricular dysfunction is present in patients with tech- 

. netium-99m pyrophosphate uptake in the right ven- 

- tricle. In the study by Reduto et al.? the right ventricular 

 ejection fraction was decreased without clinical signs 

of right ventricular failure. 
After completion of this study in a consecutive series 

_ of patients, we studied two separate patients, who pre- 
sented with the classic clinical findings of right ven- 
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tricular involvement reported by Cohn et al.!: low car- 
diac output and elevated right ventricular pressures, 
responding with an increase of cardiac output on volume 
loading. These patients (Fig. 3) showed more impressive 
technetium-99m pyrophosphate uptake in the right 
ventricle than the patients with subclinical right ven- 
tricular involvement in the consecutive series. This 
finding suggests that the extent of right ventricular 
damage determines the presence or absence of typical 
clinical symptoms. | 
Clinical implications: Our study suggests that right 
ventricular involvement in acute inferior wall infarction 
is relatively frequent but is not necessarily associated 
with severe pump failure. Many of these patients may 
have subclinical right ventricular dysfunction. In pa- 
tients with acute inferior wall infarction and signs of 
severe pump failure, dual imaging with thallium-201 
end technetium-99m pyrophosphate provides a simple 
noninvasive method of recognizing the subgroup of 
patients who may have hemodynamic deterioration due 
to major right ventricular involvement. Appreciation 
of the condition and subsequent appropriate treatment 
with volume loading might be life-saving in this 


group. 
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Acute myocardial infarction evokes a characteristic neurohumoral re- à 3 
sponse: Catecholamine release is increased, plasma contents of free fatty 3 N 
acids and glucose are elevated and glucose tolerance is diminished. To 


what degree the myocardium participates in this stress response was 


evaluated by sampling coronary sinus and arterial blood in 50 patients 


with acute transmural infarction. Studies were initiated an average of 8 © 
hours after the clinical onset of infarction and were continued for up to 


60 hours. A total of 173 separate metabolic studies were analyzed. 


Forty-one percent exhibited a pattern of predominant myocardial free fatty — 
acid uptake (mean extraction ratio 24 percent) in the presence of elevated — 


plasma free fatty acid and glucose contents (respective means 1,181 


umol/liter and 210 mg/100 ml). Myocardial extraction ratios for glucose, . 


lactate and pyruvate were low (respective means 1.1, 4 and 11 percent). 
Twenty-one percent of the studies revealed normal myocardial metabo- 
lism and 18 percent showed enhanced carbohydrate uptake, as evidenced 


by increased myocardial extractions of lactate and pyruvate (respective 


means 42 percent) and of glucose (mean 5 percent). Plasma contents 


of glucose and free fatty acids were lower than in the predominant free 
fatty acid group (respective means 156 mg/100 ml and 743 umol/liter). - 
The remaining 20 percent of studies showed high plasma substrate con- 


tents and low myocardial substrate uptake suggesting metabolic break- 


down. The free fatty acid metabolic pattern was observed in more than — 


50 percent of the studies performed at the time of or close to the occur- - 


rence of important clinical complications. Propranolol, 0.1 mg/kg intra- E 


venously, shifted myocardial substrate utilization from free fatty acids 


toward carbohydrates. The myocardial respiratory quotient increased — 


from an average of 0.79 to 0.88 (P <0.01). 


The study demonstrates that the metabolic patterns of the myocardium 


are influenced by the systemic response to stress. Beta adrenergic - 
blockade changed substrate utilization of the myocardium, supporting 


the hypothesis that adrenergic activation plays an important role in these 
metabolic responses. 


Various studies during the past two decades!’ have shown that patients : 
with acute myocardial infarction exhibit changes in carbohydrate me- - 


tabolism similar to those of diabetes mellitus. Studies?9/7-!! have also ` 


demonstrated elevation of plasma free fatty acid contents in the early 
hours after acute myocardial infarction. Exaggerated catecholamine — 
release may account for abnormalities in both carbohydrate and lipid _ 


metabolism. 


Raab et al.!? showed more than 20 years ago that stellate ganglion 


stimulation or catecholamine administration could produce myocardial 
ischemia in animals with decreased coronary reserve. The observation 


of Oliver et al.13-14 that death and cardiac arrhythmias were correlated - 


with elevations of plasma free fatty acids in patients with acute myo- 
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cardial infarction suggested that enhanced sympathetic 
activity with consequent lipolysis, elevation of plasma 
. free fatty acid and glucose contents, and stimulation of 
. myocardial contractility might limit survival after in- 
- farction. 
he introduction of coronary sinus cannulation in 
.. man by Bing et al.!? allowed measurement of myocar- 
. dial metabolism in the normal and diseased heart. Bing 
. and his co-workers!®!7 demonstrated that myocardial 
—— uptake of glucose and free fatty acids was dependent on 
_ plasma concentrations and that free fatty acids were 
_ important substrates for the heart under stress. Inter- 
— actions between glucose and free fatty acid metabolism 
. were described by Randle et al.,!° who presented evi- 
. dence that carbohydrate intolerance could be due to 
— high plasma levels of free fatty acids and ketone bodies; 
= insulin deficiency was not necessary. The present study 
E was designed to determine to what degree the myocar- 
. dium in patients with acute infarction participates in 
E this systemic stress response. 








E Methods 


b Selection of patients: Patients were considered for study 
1 if the following criteria for acute transmural myocardial in- 
farction were met: development or presence of Q waves, acute 
elevation of S- T segments, rise in serum creatine kinase level 
= and a history characteristic of acute myocardial infarction. 

. The initial study was performed within 12 hours after the 
- clinical onset of infarction. The protocol for hemodynamic and 
metabolic evaluation was approved by the Human Experi- 
 mentation Committee of this institution. Consent was ob- 

- tained from the patient, who was informed that two catheters 
- would be inserted and left in place for approximately 3 days 
"While hemodynamic and metabolic measurements were ob- 
_ tained. The patient was aware that the results of the study 
might not necessarily benefit him at present but that they 
would contribute to the understanding of acute ischemic heart 
disease. 

Experimental procedure: A no. 7 Goodale Lubin catheter 
— was placed into the pulmonary artery; a no. 19 Teflon? cath- 
eter was inserted into the brachial artery after puncture of the 
surgically exposed radial artery. After determination of initial 
hemodynamic data, the Goodale Lubin catheter was pulled 
back from the pulmonary artery and guided with fluoroscopic 
. control into the middle portion of the coronary sinus. The 
position of the catheter tip was checked with injection of 
- Hypaque? (sodium diatrizoate). Vascular pressures were 
measured with P23d Statham strain gauges and recorded on 
a multichannel oscilloscopic recorder (Electronics for Medi- 
. cine). 

Each initial study included measurement of cardiac out- 
put, pulmonary arterial and capillary wedge pressures, in- 
_ travascular arterial pressure, heart rate and coronary blood 

flow and analysis of substrates in the arterial and coronary 
sinus blood. Measurements of heart rate and arterial pressures 
and metabolic evaluations were repeated at approximately 
12 hour intervals up to 60 hours. All patients received intra- 
= venous infusion of 5 percent dextrose in water, approximately 
- "150 to 1,000 ml the first 12 hours. The coronary sinus catheter 
was kept patent with infusion of normal saline solution using 
a constant infusion pump. No heparin was used. During the 
first 12 hours of observation, the patient received no food or 
liquid by mouth except for sips of water. During the subse- 
quent 48 hours a liquid diet was served consisting of clear 
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broth, Jello® and decaffeinated coffee with milk. Five percent - 
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dextrose in water was administered intravenously to maintain 
the total fluid intake at approximately 1,500 to 2,000 ml per 
24 hours. 

Methods of analysis: Samples of arterial and coronary 
sinus blood were obtained simultaneously. Details about 
sampling techniques, determinations of plasma content of 
lactate, pyruvate, pH, oxygen and carbon dioxide tensions 
were previously published.!? Oxygen and carbon dioxide 
contents were measured with the van Slyke manometric 
method.?? Plasma free fatty acid content was determined with 
the method of Dole,?! as modified by Trout et al? and 
Mosinger.?? Plasma glucose content was determined with a 


standard spectrophotometric method?* using Cal Biochem . 


Stat Pak Kit no. 86924. Plasma epinephrine and |-norepi- 
nephrine contents were measured with a modified method of 
Hággendal,?5 using dithiothreitol instead of dimercaptopro- 
panol as the stabilizer for lutine fluorescence. At the time of 
this study the coefficients of variation of duplicate determi- 
nations were as follows: plasma lactate content 2.8 percent (no. 
— 60); pyruvate content 3.0 percent (no. — 60); free fatty acid 
content 1.9 percent (no. = 26); glucose content 1.4 percent (no. 
= 40); oxygen content 0.81 percent (no. = 26); carbon dioxide 


content 1.09 percent (no. = 26), epinephrine and l-norepi- - 


nephrine contents 12.5 percent (no. = 25). 

Cardiac output was measured in duplicate with the indo- 
cyanine green dilution technique.?6 The coefficient of varia- 
tion of duplicate determinations in 35 patients with acute 
myocardial infarction was 4.2 percent. Coronary blood flow 
was measured with a modification of the method of Krasnow 
et al.,?? using Iodine-125-labeled antipyrine as the indicator; 
details about the modification of the method and reproduc- 
ibility were previously published.!? 

Metabolic classification: Data from each of the 173 
metabolic studies were reduced by assignment to one of four 
classes based on arbitrarily defined metabolic patterns: nor- 
mal, carbohydrate, free fatty acid and breakdown. Similar 
attempts at data reduction were made by Killip and Kim- 
ball,?9 using clinical observations, and by Forrester et al.,°° 
using hemodynamic measurements. The metabolic classes 
were derived from previous metabolic studies?? in patients 
without heart disease and in others with uncomplicated or 
complicated acute myocardial infarction. Myocardial lactate 
extraction values were used to define all four categories; 
myocardial free fatty acid extraction ratios were used in the 
case of free fatty acid and breakdown states. An additional 
criterion, the concentration of plasma free fatty acids, was 
used to define the free fatty acid state. Arterial glucose and 
pvruvate contents and myocardial extraction ratios of glucose 
and pyruvate were not considered for purposes of classifica- 
tien. 

A metabolic state was defined as normal when myocardial 
lactate extraction ratios ranged between 15 and 30 percent, 
a range representing about +2 standard deviations of the 
mean lactate extraction ratio observed in 20 previously studied 
normal persons (24 percent + 8.30).28 A carbohydrate state 
was defined as one in which myocardial lactate extraction 
exceeded 30 percent. A free fatty acid state was defined as one 
in which the arterial free fatty acid content exceeded 800 
umol/liter when the myocardial extraction ratio of free fatty 
acids equaled or exceeded 10 percent and the lactate extrac- 
tion ratio was below 15 percent. A plasma free fatty acid 
concentration above 800 umol/liter is comparable with values 
previously observed by us?! and others$.5?? in acute myocar- 
dia! infarction in man. The average plasma free fatty acid 
content of 456 umol/liter +105, obtained in our laboratory in 
23 normal volunteers in the fasting state, is comparable with 
results reported by other investigators.??-?? A metabolic 
breakdown state was defined as one in which the myocardial 
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TABLE I 
Initial Hemodynamic and Cardiac Metabolic Data (mean + standard deviation) 
Systemic Coronary 
Stroke Heart Vascular Pulmonary Blood Plasma 
Index Rate Resistance Wedge Flow MVO; Creatine 
Metabolic (ml/beat (beats/ (dynes sec Pressure (ml/ 100 g (ml/ 100 g Kinase 


Pattern per m?) min) cm 5) (mm Hg) per min) per min) (U/liter) 


Normal + carbohydrate (no. = 14) 33.3459 76:014 1411 338 11026 17  Á 84.5 t 12.4 9.66 + 2.66 983 552 
Free fatty acid (no. — 26) 34.726.606 79:122 1616+ 445 14.11 3.6 93.4 9.8 11.59 + 1.67 1242+ 407 
Breakdown (no. — 10) 23.8466 86:12 2032+ 589 17.845.0 76.3 + 10.0 9.42 + 2.10 1530 + 372 
Probability (P) values 
NC-FFA NS NS NS «0.01 NS «0.01 NS 
NC-BKD «0.001 NS «0.001 «0.001 NS NS «0.01 
FFA-BKD «0.001 © NS =0.02 <0.001 <0.001 <0.01 =0.02 


BKD = breakdown; FFA 


extraction ratio of lactate was less than 15 percent and that 
of free fatty acids was less than 10 percent. 

Methods of statistical evaluation; calculation of de- 
rived data: Data were analyzed with standard statistical 
techniques using an IBM 1800 computer. Errors of experi- 
mental methods were expressed as the coefficient of variation. 
All results were initially evaluated in a multiple regression 
program for study of interrelations. Significance of change in 
any measured or calculated variable was tested with variance 
analysis. 

Calculations of derived data was made as follows: Myo- 
cardial oxygen consumption (MVO;, ml/100 g per min) = 
arterial-coronary sinus oxygen content difference times cor- 
onary blood flow. Myocardial extraction ratio (Ex, percent) 
= arterial-coronary sinus content difference divided by ar- 
terial content. Myocardial respiratory quotient = coronary 
sinus-arterial carbon dioxide content difference divided by 
arterial-coronary sinus oxygen content difference. 


Results 


Fifty patients with acute myocardial infarction were 
studied; 44 were men and 6 women. The age averaged 
56 years (range 37 to 75). The site of acute infarction was 
anterior in 24 instances, anterolateral in 9, inferior in 
14 and inferoposterior in 3. Seven of the 50 patients died 
in the hospital, 5 with shock and 2 with severe left 
ventricular failure. None of the patients had diabetes 
mellitus or increased plasma ketone bodies. 

The first 12 hours: Twenty-six of the 50 patients 
exhibited the free fatty acid pattern on initial study; 
10 patients presented with the breakdown pattern, 5 
with the carbohydrate pattern and 9 presented with 
patterns of myocardial substrate extraction that were 
within normal limits. 

Anterior and anterolateral wall infarctions were seen 
in 65 percent of patients with the free fatty acid pattern, 
in 90 percent of those with the breakdown pattern and 
in 50 percent of those with the normal and carbohydrate 
patterns. 

Mean values for hemodynamic function, myocardial 
perfusion and oxygen consumption and for plasma 
enzymes are shown in Table I. Normal and carbohy- 
drate patterns were considered a single group because 
of the small numbers. Left ventricular function was 
significantly more impaired in the metabolic breakdown 
group than in the other groups, as denjonaP aum by 


‘Gevtember 1978. The American Journal of CARDIOLOGY 


= free fatty acid; MVO, = myocardial oxygen consumption; NC = normal + carbohydrate; NS = not significant. 


differences in stroke index, pulmonary capillary wedge ~ 


pressure and systemic vascular resistance. Figure 1 


shows that the variations of stroke index and pulmonary 
arterial wedge pressure within the free fatty acid group 
was much greater than in the combined normal-carbo- - 
hydrate group. Myocardial oxygen consumption (Table — 
I) was highest in the free fatty acid group (mean 11.59 © 


ml/100 g per min) and differed significantly from that 


obtained in the normal-carbohydrate group. Coronary - 
blood flow averaged 93 ml/100 g per min in the free fatty _ 
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Variation in the two measurements is greate i 
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' N BR S | 
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bn *. 
À S SS SZ 
4 : S S NE 
L À N IÑ N: 
S N IE dE 
E NE N N SS 
E. S N N N: 
E SS S N SE 
à Ñ: S N SS 
4 SE Sm | Ñ Ñ: 
es NS S S S 
ES N S X N 
"PPh" 4 
Ber ARTERIAL CONTENT EXTRACTION ARTERIAL CONTENT MYOCARDIAL fam ^ MYOCARDIAL RESPIRATORY 
ES: Free Fatty Acids (yM/L)  FFA(%) Glucose (mg/100 ml) EXTRACTION QUOTIENT 
E. Glucose (%) Lactate (%) Pyruvate (%) 
ie 
E COMPARISON p VALUES FOR t TEST 
a N-CHO NS NS NS NS --* « 001 <.001 
W N-FFA < 001 <.05 « 001 «05 v" ~.05 « 01 
ra N-BKD — « 001 « 001 <.001 <.05 -- <.05 < 01 
E CHO-FFA < OO1 « 05 <.001 « 01 -- « 001 « 001 
: CHO-BKD <01 < 001 < 001 < 001 -- < 001 « 001 
3 FFA-BKD NS --* <.001 NS -- NS NS 
— FIGURE 2. Mean values of metabolic measurements for each of the four groups (173 studies). The free fatty acid (FFA) group had high arterial levels 
... of free fatty acid (umol/liter [uM/L]) and glucose, high myocardial extraction ratio of free fatty acids but low extraction ratios of glucose, lactate 
... and pyruvate and a low myocardial respiratory quotient. In contrast, the normal (N) and carbohydrate (CHO) groups had lower arterial levels of both 
-free fatty acids and glucose but higher extraction ratios of carbohydrates and higher myocardial respiratory quotients. The breakdown (BKD) group 
F had high arterial substrate levels but low myocardial extraction ratios. (--*) = measurements defining groups are not included in statistical evalua- 
E | tion. 
- acid group and was significantly higher than in the groups. They ranged between 1.35 and 1.87 mmol/liter 
_ breakdown group. Plasma peak creatine kinase was for lactate and between 0.062 and 0.15 mmol/liter for 
- highest in the breakdown group, intermediate in the free pyruvate, respectively. They did not show significant 
_ fatty acid and lowest in the normal-carbohydrate differences among each other. Myocardial pyruvate 
^. group. extraction ratios (Fig. 2), not used for classification, 
-. . Sequential studies: Metabolic data from the 173 showed a pattern similar to that for lactate extraction 
- separate studies in the 50 patients are shown in Figure ratios. Most studies in the breakdown group exhibited 
_ 2. Plasma glucose concentration, myocardial ratios for lactate production. 
2 glucose and pyruvate extraction and for lactate pro- Arterial free fatty acid concentrations were mark- 
.. duction, and the myocardial respiratory quotient were edly elevated in both the free fatty acid and breakdown 
- not used as criteria for classification; plasma free fatty groups, and were significantly different from the lower 
. acid contents were not used except for definition of the contents in the carbohydrate and normal groups. Figure 
.. free fatty acid group. nes . 4 demonstrates that plasma free fatty acid content and 
~ Plasma glucose contents were significantly higher myocardial free fatty acid extraction were correlated (r 
E and myocardial extraction ratios significantly lower in = 0.47, P <0.001). Free fatty acid extraction was lower 
à the free fatty acid and breakdown groups than in the in the normal and carbohydrate groups than in the free 
= carbohydrate and normal groups. Figure 3 shows that fatty acid group. 
. glucose extraction by the myocardium was impaired at The myocardial respiratory quotient (Fig. 2) aver- 
— high plasma glucose content levels; most patients with aged 0.76 in the free fatty acid group, a value signifi- 
_ increased plasma glucose exhibited the free fatty acid cantly different from the means of 0.81 and 0.85 in the 
—. or breakdown metabolic patterns. normal and carbohydrate groups. 
Plasma lactate and pyruvate contents were within Heart rate and systolic/diastolic arterial pressures 
normal limits or slightly elevated in the four metabolic averaged 85 beats/min and 123/72 mm Hg, respectively, 
- .866 September 1978 The American Journal of CARDIOLOGY Volume 42 asd 
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Plasma Catecholamine Contents in Acute Myocardial 
Infarction (mean + standard deviation) 


E 

v I-nor- 

E. Metabolic Epinephrine* ^ epinephrine* 

3 Pattern (ug/liter) (g/liter) 
— Normal + carbohydrate (no. = 1.32 40.52 2.18+0.54 

-Free fatty acid (no. = 8) 4.02 + 1.33 530+ 1.22 

E Breakdown (no. — 8) 8.32 + 0.99 12.08 t 2.30 

P. Probability (P) values 

^... NC-FFA «0.001 «0.001 

—. NC-BKD «0.001 «0.001 

FFA-BKD «0.001 «0.001 


* J + x r 
- BET id <2 
Zw 


pera pl 3 


AERE Normal values in our ax (no. = 12): epinephrine 0.25 + 
(0. 14, I-norepinephrine 0.52 + 0.2 
BKD = breakdown; FFA = free icky acid; NC = normal + carbo 


hydrate. 





for the T, group, 88 beats/min and 125/73 mm Hg 
_ for the carbohydrate group and 84 beats/min and 127/73 
i mm Hg for the free fatty acid group. Significant dif- 
— ferences in these measurements were not observed 
k among these three groups. Heart rate and arterial 
_ pressures averaged 94 beats/min and 108/62 mm Hg in 
_ the breakdown group and were significantly different 
m from values in the three other groups. 

E Plasma epinephrine and l-norepinephrine contents, 
n uid, in a limited number of patients, were highest 
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NO ARRHYTHMIAS A-V BB HEART CHEST INFARCT SHOCK 
b COMPLICATION Suprav. Ventr. BLOCK FAILURE PAIN EXTENSION 
.. FIGURE 5. Percent of the 173 studies associated with important clinical 
. Complications. Complications did not occur in 39 percent of the studies 
— (column 1). One or more complications are observed in the remaining 
.. studies (columns 2 to 8). More than half of the studies performed during 
|. or close to occurrence of ventricular (Ventr.) arrhythmias, chest pain, 
|. extension of infarction, or heart failure exhibit the free fatty acid state 
. (dotted areas). This metabolic pattern was seen in only 5 percent of 
. the studies without complications. A-V = atrioventricular; BB = bundle 
_ branch; Suprav. = supraventricular. 
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in the breakdown group (Table II), intermediate in the 
free fatty acid and lowest in the normal-carbohydrate 
group. 

Change from one metabolic state to another: 
During the sequential studies considerable change from 
one metabolic pattern to another was observed in the 
individual patients. Among those with the free fatty acid 
pattern, the state observed most frequently, the pattern 
changed to normal in 23 percent and to the breakdown 
state in 20 percent. Among those with the normal met- 
abolic pattern, change to the free fatty acid and carbo- 
hydrate states occurred in 25 and 30 percent, respec- 
tively. Among those with the breakdown pattern the 
pattern changed to the free fatty acid state in 52 per- 
cent. In contrast, the carbohydrate pattern was rela- 
tively stable; it rarely changed to another metabolic 
state. 

Clinical correlations: Figure 5 shows the clinical 
correlates to the metabolic findings at the time or within 
1/2 hour of each of the 173 separate studies. One or more 
clinical complications were observed in 61 percent of the 
studies. More than half:of the studies, performed during 
or close to the occurrence of ventricular arrhythmias, 
chest pain, extension of infarction or heart failure, ex- 
hibited the free fatty acid state; this metabolic pattern 
was seen in only 5 percent of the studies without evi- 
dence of clinical complications. Chi square analysis 
indicated that these differences were statistically sig- 
nificant (P «0.05). 

Effect of propranolol: Propranolol, 0.1 mg/kg body 
weight, was administered intravenously to 20 patients; 
the shift in substrate utilization produced is shown in 
Figure 6. The myocardial respiratory quotient increased 
from an average of 0.79 to 0.88. Five patients demon- 
strating the breakdown pattern and six patients dem- 
onstrating the free fatty acid pattern before propranolol 
administration shifted to a normal or carbohydrate 


MYOCARDIAL 
RESFIRATORY 
QUOTIENT 
|. 00 
0.90 
0.80 
FIGURE 6. Effect of propranolol on 
myocardial respiratory quotient in 
20 patients. Patients with the lowest 
myocardial respiratory quotient had 
v CONTROL PROPRANOLOL the greatest change in substrate 
ÜEAN — .T9 88 utilization with propranolol. p = 
£S$D. 06l 070 probability; S.D. — standard devia- 
pxoci tion. 
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pattern. In these 11 patients plasma free fatty acid 
concentrations decreased from an average of 1,116 to 
919 umol/liter (P «0.05). Lactate production, present 


in 6 of the 11 patients, shifted to lactate extraction in 


— all patients; the mean extraction ratio changed from 2.4 
- to 17 percent (P <0.01). Glucose extraction ratios in- 
 €reased from 0 to 4.9 percent (P <0.05). Free fatty acid 
extraction ratios did not significantly change; they av- 


— — eraged 15 percent before and after propranolol admin- 


istration. 
In the entire group of 20 patients propranolol de- 


=- creased coronary blood flow from an average of 81 to 71 


ml/100 g per min (P «0.001) and myocardial oxygen 
consumption from 9.8 to 7.1 ml/100 g per min (P 
<0.001). The arterial-coronary sinus oxygen difference 
decreased in 18 patients and remained unchanged in 2 
patients. The decrease for the group averaged 0.81 


— ml/100 ml (P «0.001). 
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Discussion 
The systemic response to myocardial infarction en- 


. hances sympathetic activity in particular, increases 


myocardial energy requirements and changes substrate 


. patterns. Catecholamines are released into the circu- 


lation and myocardium$:36-35; plasma free fatty acids 
and glucose are increased!~’ and abnormal glucose tol- 


 erance is observed.!-46 


Our observations demonstrated that 71 of 173 studies, 
performed in 50 patients during the early phase of 
myocardial infarction, exhibited a pattern of predom- 
inant myocardial free fatty acid uptake. Because free 
fatty acid uptake rapidly decreases and ceases in acutely 
ischemic tissue,?? coronary sinus blood was probably 
largely composed of venous efflux from the noninfarcted 
myocardial regions and the results reflect the response 
of relatively normal myocardium to acute stress. 
Thirty-five of the 173 studies exhibited enhanced car- 
bohydrate uptake with lower plasma glucose and free 
fatty acid levels than in the free fatty acid group; 36 
other studies showed normal metabolic findings with 
plasma levels similar to those with enhanced carbohy- 
drate extraction. In 31 studies, obtained in patients who 
did not have shock but had significantly decreased he- 
modynamic function (Table I), free fatty acid concen- 
trations were similar and glucose concentrations even 
higher than values in the patients exhibiting the free 
fatty acid pattern. Coronary sinus efflux probably 
largely reflects ischemic zone events in these studies 
because both myocardial glucose and free fatty acid 
extraction ratios were low and myocardial lactate pro- 
duction was present (breakdown group). Plasma l- 


. norepinephrine and epinephrine contents, elevated in 


all studies, were substantially higher in this metabolic 
group (Table II). 

Interactions between glucose and free fatty acid 
metabolism: These were described in 1963 by Randle 


. et al.,!? who presented evidence that carbohydrate in- 


tolerance in some situations is due to high plasma levels 
of free fatty acids and ketone bodies. They suggested 


_ that these interactions be considered a glucose-free fatty 
. acid cycle. Lebovitz et al.? and Christensen and Vide- 
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baek® concluded that glucose intolerance in acute 
myocardial infarction was due to catecholamine-stim- 
ulated glycogenolysis coupled with inhibition of insulin 


id, 
UD 


“~~ 
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release. The latter group observed that plasma glucose 


and free fatty acid concentrations were related to both — 
plasma l-norepinephrine and basal insulin concentra- _ 
tions. A similar Systemic hyperglycemic response has. 

been observed in patients with nonischemic ved 
vascular disease‘? and in patients undergoing exer- 


cise*! 48 or psychologic stress.‘ It probably represents | 
anonspecific stress syndrome. J 
Free fatty acid availability and role of stress- 


VY 


AEN 


TN 


mediated catecholamine release: The importance of _ a 


free fatty acids to myocardial function was shown by 


Neeley and co-workers4?46 studying the isolated per- - 


fused rat heart. They demonstrated that, at physiologic — 


concentrations, free fatty acids are oxidized in prefer- _ 
ence to carbohydrates at high and low levels of ven- 1 n 


tricular work. When glucose was the only available 
substrate, increased work levels led to a decrease in _ 
myocardial high energy phosphates; this decrease was 1 A 
reversed when free fatty acids were available. It ap- — 


peared that glycolysis was unable to supply enough — 
carbon substrate for the high rate of electron transport — 
required by the stressed heart. 

Stress-mediated catecholamine release increases bath] 
ventricular work and free fatty acid availability, coking A 


"a 


k 


an integrated mechanical and substrate response to; a 
stress. This adaptation may have undesirable conse- - f 


quences in patients with acute myocardial infarction. | 


Our data indicate that patients with high plasma BREN 4 


cholamine and free fatty acid contents, with increased - 
myocardial free fatty acid uptake, and lowered myo- | 


cardial respiratory quotient had more complications A 


than those with predominant carbohydrate or normal 


¢ 


wr 
- 


metabolic patterns. Similar relations have been ob- P 


served by other investigators.9.10,33.47,48 


While the high complication rate in these patients 


may be directly related to catecholamine effects, Oliver — - 


et 21.121549? have favored the view that increases in free 


fatty acid concentration may also exert independent - 
effects. Free fatty acids have been shown to increase - 


oxygen consumption by the heart®°-52; blockade of 


catecholamine-stimulated lipolysis with beta-pyridyl- 1 


5 


iP n^. 
A. 


carbinol substantially reduced myocardial oxygen  - 


consumption. ?? Inhibition of lipolysis reduced infarct — 
size and degree of ischemia in experimental infarc- - 


tion.52-54 


Instability of myocardial metabolic pattern in — 


acute myocardial infarction: Our results demonstrate 


that the free fatty acid pattern observed in almost 50 


percent of the metabolic studies was unstable. In many 
studies, plasma free fatty acid and glucose contents 
spontaneously decreased with resultant increases in 


carbohydrate extraction. However, in other studies,  . 


plasma free fatty acid and glucose concentrations re- 
mained high, but free fatty acid and carbohydrate ex- 


tractions both were reduced as the myocardium released — 
lactate. This frequent transition of the free fatty acid — 


pattern to improved or deteriorating myocardial me- 


tabolism emphasizes the dynamic nature of myocardial — 
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energy production in the early stages of acute myocar- 
dial infarction and may explain metabolic processes 
leading to extension of myocardial damage. Areas of 
biochemically normal tissue, contracting vigorously but 
perfused by an abnormal coronary vascular bed, pre- 
sumably set the stage for extension of ischemia as areas 
of ischemic tissue set the stage for extension of necro- 
sis. | 

Effect of propranolol on myocardial metabolic 
patterns: Relieving catecholamine stress by beta ad- 


-renergic blockade corrects the free fatty acid pattern 


and leads to better myocardial utilization of carbohy- 
drates. The myocardial respiratory quotient increased 
from 0.79 to 0.88 indicating decreased utilization of free 


- fatty acids by the myocardium. Opie et al.°? made sim- 


ilar observations in experimental myocardial infarction. 
Propranolol decreased arterial content and myocardial 
extraction ratio of free fatty acids, while myocardial 
glucose extraction increased. Propranolol reduced free 
fatty acid uptake by the l-norepinephrine-stressed 
myocardium of the dog without changes in plasma free 
fatty acids, suggesting an adrenergic mechanism for 


regulation of free fatty acid uptake.°® Myocardial ex- 


traction and arterial-coronary sinus difference of free 
fatty acids decreased with propranolol, whereas utili- 
zation of carbohydrates did not change.*’ 

The mechanism by which propranolol promotes 
myocardial glucose utilization is unclear. Beta ad- 
renergic blockade of pancreatic islet cells might be ex- 
pected to increase rather than decrease carbohydrate 
intolerance. However, Ettinger et al.4 did not observe 
increased glucose intolerance after administration of 


propranolol to patients with nonischemic heart disease 


even though glucose-stimulated insulin concentrations 
were less than before administration of propranolol. 


Several effects of propranolol may contribute to the 
substrate changes of the myocardium observed by us. 
Blockade of catecholamine stimulated lipolysis reduced 
plasma free fatty acid content, thereby diminishing 
myocardial uptake of free fatty acids. The resultant 
decline of mitochondrial citrate accumulation relieves 
inhibition of phosphofructokinase, a major control point 
for glycolysis.5959 Propranolol-mediated decreases in 
myocardial oxygen consumption may also diminish 
myocardial free fatty acid utilization by reducing the 
fluxes of free fatty acids needed for the accelerated 
electron transport required for the stressed heart. 
Furthermore, propranolol may reduce triglyceride 
turnover in the cytoplasm of the myocardial cell, re- 
ducing the pool of two carbon fragments presented to 
the tricarboxylic cycle for oxidative metabolism. 

Clinical implications: These studies emphasize the 
relations among metabolic, hemodynamic and clinical 
phenomena in acute myocardial infarction. As the vol- 
ume of infarcted tissue increases, ventricular perfor- 
mance declines, coronary sinus blood reveals increased 
evidence of anaerobic metabolism and clinical findings 
of pulmonary venous congestion and peripheral hypo- 
perfusion are observed. The frequent occurrence of a 
systemic stress response modifies ventricular function; 
some patients maintain a relatively normal cardiac 
output in the face of substantial necrosis; others reveal 
hypoperfusion suggesting either less sympathetic 
stimulation or large volumes of necrosis. Treatment 
should be related to pathophysiologic abnormalities. 
Because salvage of endangered myocardium has a major 
priority, dampening of sympathetic response by beta 
adrenergic blockade appears promising for most pa- 
tients without evidence of significant ventricular fail- 
ure. 
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A 3 month program of exercise training was carried out in 10 patients with 
ischemic heart disease to assess the contribution of catecholamines to 
the training effect of improved exercise capacity and enhanced myo- 
cardial oxygen delivery. Training resulted in a significant increase in 
maximal treadmill exercise time (mean + standard error of the mean 374 
+ 28 versus 567 + 33 seconds, P <0.0001). The heart rate-arterial 
pressure product, an index of myocardial oxygen consumption, was de- 
creased at rest and at all levels of exercise after training. After training, 
the mean plasma norepinephrine level during supine rest was reduced 
(320 + 23 to 191 + 20 pg/ml, P <0.01) and plasma epinephrine values 
were unchanged. When these previously sedentary patients exercised 
on a treadmill to the maximal level attained before exercise training, the 
mean plasma norepinephrine and plasma epinephrine concentrations were 
significantly reduced. These data suggest that the beneficial adaptations 
of the cardiovascular system to exercise training are at least partially 
mediated by changes in the catecholamine response to exercise. 


Physical training has been shown to improve exercise performance in 
patients with eoronary artery disease and angina pectoris,’~“ and epi- 
demiologic data” have suggested that regular exercise is associated with 
a decreased incidence of sudden death or myocardial infarction, or both. 
Clinical investigations??? of these beneficial effects have shown that, 
after exercise training, arterial blood pressure and heart rate are lower 
at any given work level; these reductions result in a decreased myocardial 
oxygen consumption and thus allow a patient to achieve a greater in- 
tensity of exercise before angina is felt. These physiologic adaptations 
to exercise training are similar to those resulting from the administration 
of beta adrenergic blocking drugs such as propranolol; thus, alteration 
in the sympathetic nervous system could be responsible for the im- 
provement in exercise tolerance of patients with coronary artery disease 
after exercise training.!9!! To evaluate this possibility, we measured the 
plasma catecholamines in patients with ischemic heart disease before 
and after a 3 month exercise training program. 


Methods 


Patients: Ten men, aged 40 to 55 years, were referred by their physician for 
participation in a cardiac rehabilitation program. All were working at the job 
they had held before their heart disease developed. Six patients reported that 
they have had exertional chest pain for 6 months to 2 years and were using su- 
blingual nitroglvcerin as necessary for relief of angina. T'wo patients were also 
taking propranolol, but during the study the drug was discontinued in one patient 
and the dose decreased (from 60 to 30 mg/day) in the other after a progressively 
worsening bradycardia developed. All other medications were unchanged during 
this study. Seven patients had had a myocardial infarction in the preceding 1 
to 3 years, as documented by characteristic electrocardiographic and serum 
enzyme changes. Selective coronary angiography revealed the presence of sig- 
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- EXERCISE TRAINING AND PLASMA CATECHOLAMINES-— COOKSEY ET AL. — 


Hemodynamic Variables, S-T Depression and Maximal Treadmill Exercise Time Before and After Physical Training in 10 


Patients (mean + standard error of the mean) 





Heart Rate 


(beats/min) S-T Area) Treadmill Time HR X BP (X10?) 
Physical -Sec sec 
Condition Rest Ex 1 Ex 2 Ex 1 X X Rest Ex 1 Ex 2 
Sedentary 78 X4 139 +7 ---- =—13 2:2 374 + 28 ---- 97:108 21.9 ---- 
Trained 69+3 124+6 154 6 —-9+1 -144+1 374428 567+33 48414005 16.8+ 24.6+ 1 
P value «0.003 . «0.001 ---- <0.01 ---- ---- _<0.04 <0.00 ---- 


| Ex 1 = maximal treadmill time before NS Ex 2 = maximal treadmill time after training; HR X BP = heart rate-arterial systolic pressure product; - 
NS = not significant; P = probability; S-T area = sum of all S-T segment depressions. ; 


nificant coronary artery disease in six patients. Two patients 
had undergone coronary bypass surgery. 

The patients continued their regular or fat-modified diet 
during the 3 month study, so that a relatively constant body 


= weight was maintained. All patients had blood drawn for lipid 


profiles after a 12 hour fast. Five patients had a normal profile; 
four had hypercholesterolemia and one patient had hyper- 
triglyceridemia. | 
Protocol: The patients reported in a fasting state to the 
exercise laboratory, where an indwelling intravenous needle 
was inserted into a left forearm vein. They then lay supine in 
a quiet room for 20 minutes, before a venous blood sample was 
drawn and a maximal treadmill exercise test using the Bruce 
protocol was performed.!? Another venous blood sample was 
_ obtained on completion of the treadmill test. Three electro- 
. cardiographic leads (X, Y and Z or V4, V5 and Vg) were re- 
corded on magnetic tape for 3 minutes at rest, during the ex- 
ercise test and for 6 minutes after the exercise test. Arterial 
blood pressure was measured indirectly from the right brachial 
artery using a mercury syphygmomanometer and stethoscope. 
This pressure was measured at 3 minute intervals during and 
after exercise. The product of heart rate and systolic arterial 
pressure was calculated and used as an index of myocardial 
oxygen consumption. !3 

The treadmill test was stopped when angina pectoris de- 
veloped, significant S-T segment changes were noted or the 
patient was unable to continue because of fatigue. The S-T 
segment changes were quantitated by measuring the deviation 
from the baseline level during the initial 80 msec from the J 
point.!* This value is expressed in microvolts-sec (uv-sec), and 
values exceeding 10 uv-sec are abnormal, usually indicating 
myocardial ischemia. 

Training program: The program consisted of three 50 
minute exercise sessions per week for 12 weeks. Each of the 
10 patients attended at least 28 of the 36 sessions. During the 
initial 20 minutes of each session the patients performed 
calisthenics; during the remaining 30 minutes they walked or 
jogged. Patients without angina exercised to 60 to 70 percent 
of their maximal heart rate. Patients with angina exercised 
to a heart rate that could be tolerated 1 to 5 minutes before 
angina was elicited. The electrocardiogram was monitored 
with use of telemetry and recorded on magnetic tape during 
the initial sessions and at monthly intervals. After 3 months 
of training, the treadmill exercise test was repeated to the 
duration of maximal exercise attained before training. After 
a 30 minute rest, a second treadmill test was performed to the 

patient's new maximal work level. Plasma for catecholamine 
determinations was obtained after supine rest and at the 
completion of each treadmill test. 
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Plasma catecholamines: Blood samples were drawn into 
a heparinized syringe and placed in iced tubes containing re- 


duced glutathione (5 mmolar, Sigma) combined with heparin, 


500 units/ml (FBA Pharmaceuticals). All tubes were pompe. n 
spun in a refrigerated centrifuge, and the supernatants frozen 
until the analyses were performed. Norepinephrine and epi- - 


E 
a 
a 


x 


nephrine were measured in 250 microliters (ul) of plasma using - q 
the single isotope derivative method of Passon and Peuleri? . H 


with only minor modifications.!® In our laboratory, this - 
method has a sensitivity of 10 to 20 picograms (pg) of nor- 


epinephrine and epinephrine and is highly reproducible ihi 3 E 
interassay coefficients of variation of less than 6 percent for 3 


epinephrine and norepinephrine in physiologic concentra- 
tions.16 
A paired t test was used to evaluate the significance ot? 


changes in exercise performance, hemodynamic variables, E: 


electrocardiogram and plasma catecholamines. 


Results 


Heart rate and blood pressure: Nine patients had - 
a reduced resting heart rate after the 3 month training A 
period (Table I); blood pressure was unchanged i in eight — 
patients and decreased to normal levels in two mildly _ 


hypertensive patients. T'he one patient whose resting 


heart rate was increased stopped taking propranolol 


during the study. As a result of these changes, the heart 


rate-systolic arterial pressure product was decreased in _ 


9 of the 10 patients at rest (Table I). 


Before exercise training, these patients exercised an. 
average of 374 + 28 (mean + standard error of the 
mean) seconds on the treadmill using the Bruce protocol - 
for speed and elevation (Table I). ‘Attest training, when . 
they exercised to their previous maximal level, there was 
a significant reduction from the pretraining level in — 
heart rate or blood pressure, or both, at the end of  - 


treadmill exercise, and the heart rate-blood pressure 


product, a measure of myocardial oxygen consumption, a 
was significantly reduced. When these patients then 


exercised to their new maximal level, they had a mean 


treadmill exercise time of 567 + 33 seconds, a 52 percent — 
increase over their pretraining exercise time (P 
<0.0001), and the maximal heart rate-blood pressure - 
product attained was significantly greater (P <0.02) - 


than that attained before training (Table I). 


Before exercise training, six patients stopped the » 


treadmill test because of angina pectoris, whereas only 
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k training, resting plasma epinephrine values were un- 
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FIGURE 1. Effect of training on exercise capacity. Open circles indicate 


.. the time at which fatigue occurred, closed circles, the time at which 


angina occurred, and barred circles mean values. Time indicates the 
number of seconds of treadmill exercise using the Bruce protocol. '* 


= p = probability. 


three of these patients noted angina with maximal ex- 
- ercise after training. The other patients stopped the 


treadmill test because of fatigue or breathlessness (Fig. 
1). Three patients had frequent ventricular premature 


= beats (more than 6 beats/min) during exercise before 
—. training but had no such beats after completion of the 
. training program. 


Plasma catecholamines: Catecholamine levels 


= measured with patients in the resting supine position 


! 1 . were 29 + 5 pg/ml for epinephrine and 320 + 23 pg/ml 


kw y 
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1 [ for norepinephrine (Table IT). After 3 months of exercise 


TABLE Il 
j: Plasma Epinephrine and Norepinephrine in 10 Patients Before and After Physical Training (mean + standard error of the 





changed, but plasma norepinephrine was significantly 
decreased in all patients, averaging 191 + 20 pg/ml. In 
blood obtained at the end of the maximal treadmill 
exercise test before training, both plasma catechol- 
amines were increased. After training, there was a sig- 
nificant reduction in plasma epinephrine (P <0.03) and 
norepinephrine (P <0.02) when patients exercised to 
their previous maximal level (Table II). When they 
exercised to their new increased maximal work capacity, 
plasma catecholamine levels were greater than those 
attained before exereise training. 

Four patients (not included in this study) began the 
exercise program but were able to attend less than 50 
percent of the sessions or voluntarily stopped attending 
the sessions. In this group, resting and exercise plasma 
catecholamines, heart rate, blood pressure and treadmill 
exercise time were unchanged after 3 months as com- 
pared with initial pretraining values. Three of these 
patients had ischemic heart disease; the fourth had a 
mitral valve prosthesis. 

Electrocardiographic findings: In nine patients 
significant S-T segment depression (10 uv-sec or more) 
developed during the initial treadmill test. One patient 
with prior coronary bypass surgery had a normal S-T 
segment on treadmill testing. After training, seven pa- 
tients had less S- T segment depression (P <0.01) when 
they exercised to their previous maximal level (Table 
I). Five patients now had a normal exercise test as de- 
fined by the S-T segment changes. When these trained 
patients now exercised to their maximal level, the degree 
of S-T segment depression was not significantly dif- 
ferent from that before training, although both the 
duration of exercise and the heart rate-blood pressure 
product were significantly increased. 


Discussion 


Exercise training, exercise capacity and myo- 
cardial oxygen consumption: Our results confirm that 
a program of exercise training produces appreciable 
improvement in the exercise capacity of patients with 
coronary artery disease. In previous studies of the 
mechanisms of this improvement, the change was at- 
tributed to changes in the circulatory response to ex- 
ercise that reduced the oxygen requirement of the heart 
at a given level of exercise.'?4 Thus, the response of 
systolic arterial pressure and heart rate to a given level 


mean) 
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Physical Epinephrine (pg/ml Norepinephrine- (pg/ml 
Condition upine "a ; upine x Ex 
Sedentary 29 4-5 165:b45. 0 serere. | 320 + 23 2190 a Ae | 
Trained 29 4-5 61+ 12 323.4 + 23 com (Stee 20 1007 + 73 3003 + 101 
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of exercise has been shown to be diminished..?4 Our 
study supports the conclusion that regular exercise 
training reduces the myocardial oxygen cost of a given 
exercise load, as reflected by a decreased heart rate- 
systolic arterial pressure product at a given level of ex- 
ercise. Although myocardial oxygen consumption was 
not measured in our study, the heart rate-pressure 
product has been shown to be an accurate indicator of 
this physiologic need.1!9.!7 

After 3 months of exercise training, the maximal 
heart rate-systolic arterial pressure product attained 
with maximal treadmill exercise was increased in 6 of 
the 10 patients. If an increase in myocardial oxygen 
consumption can be inferred from this increase, our 
results suggest that physical training enhances myo- 
cardial oxygen delivery or decreases myocardial oxygen 
consumption at a given level of exercise in some patients 
with coronary artery disease. 

Our study also demonstrated a reduction in the 
electrocardiographic S-T segment changes at a given 
level of exercise after training. If the amount of S-T 
segment depression or elevation reflects the degree of 
myocardial ischemia, these findings lend additional 
support to the hypothesis that exercise training reduces 
myocardial oxygen consumption or increases oxygen 
delivery at a given level of exercise. Although the 
number of patients (3 of 10) in our study with ventric- 
ular arrhythmias was too small to allow a significant 
evaluation of the effect of exercise training, no ven- 
tricular arrhythmias were detected in these patients 
after 3 months of training. 

Exercise training and plasma catecholamines: 
Exercise training produces complex adaptations in both 
skeletal and cardiac muscle that are reflected in mul- 
tiple hormonal, biochemical and anatomic alter- 
ations.!9!? Epinephrine, primarily originating in the 
adrenal medulla, and norepinephrine, arising primarily 
from sympathetic postganglionic neurons, are essential 
for maintaining cardiovascular homeostasis because of 
their positive effects on three primary determinants of 
myocardial oxygen consumption—heart rate, blood 
pressure and myocardial contractility. After exercise 
training, we found a significant reduction in plasma 
norepinephrine during supine rest and a decrease in 
both plasma catecholamines at a given level of treadmill 
exercise. The catecholamine response to exercise and 
training in our patients with heart disease is similar to 
that reported in seven normal young adults.!? These 
findings suggest that the adaptation of the cardiovas- 
cular system to exercise training is partially mediated 
by way of the sympathetic nervous system and is re- 
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flected by a reduced output of catecholamines at a given 
work level. Our data also suggest that sympathetic ac- 
tivity is better tolerated in trained patients, who are able 
to attain higher levels of maximal heart rate, blood 
pressure and plasma catecholamine concentration after 
regular exercise training. This has been suggested in 
other clinical studies*? showing a larger heart rate-blood 


pressure product at the onset of angina pectoris after _ 


exercise training. 


Since the introduction of sensitive biochemical 


methods for the estimation of physiologic changes in 





plasma catecholamines, several investigators?9?! have _ 


noted that heavy exercise is associated with an increase 3 
in catecholamines. Haggendal?? and Davies?! and their — 
co-workers showed that for a given form of exercise the - 
increase in plasma catecholamines is more closely re- - 
lated to relative (expressed as percent of maximal 
oxygen consumption) than to absolute energy expen- - 


E 
~~. 

ph 
ER n 


diture. Plasma catecholamine concentrations in normal 


persons are reported to increase only slightly at work 


levels that are less than 50 percent of maximal work but 


to increase curvilinearly at work levels exceeding 50 


percent of maximum.?!:22 At low work levels the in- - 
creased heart rate is probably due to a decrease in vagal — 


tone, whereas at higher work levels increased sym- 


pathoadrenal function is also elicited with an increase - 


in plasma catecholamine concentrations.?? Pharmaco- 


logic studies?? utilizing atropine and propranolol have 7 


reported similar conclusions. 
Clinical implications: Previous experimental and 


clinical studies?^76 have indicated that the sympathetic _ 


nervous system is intimately involved in the morbidity A E 


and mortality resulting from coronary artery disease. 


Stimulation of this system or the intravascular admin- - 
istration of catecholamines will produce serious ven- 


tricular arrhythmias and increase the myocardial ne- 


crosis in experimental animals.?425 The administration — 


of beta adrenergic blocking agents reduces these ven- 
tricular arrhythmias and the amount of necrosis.?7:28 


When these drugs are given to patients with angina — 
pectoris, exercise tolerance is increased, with a reduction — 
in heart rate and blood pressure at a given level of ex- 

ercise,!?? and the electrocardiographic changes in- - 


duced by exercise are diminished.!! These findings with 


beta blocking agents are similar to those we found after — . 


exercise training. We suggest that the mechanism of 
improvement in our patients after exercise training is _ 


at least partially mediated by adaptations that result 


in a lower plasma catecholamine concentration ata 


given level of exercise and a better tolerance of the heart - 3 


to catecholamines. 
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Slow Filling Period/Rapid Filling Period Ratio in the 
Apexcardiogram: Relation to the Diagnosis of 
Coronary Artery Disease 


AGENOR SILVESTRE, MD Apexcardiograms were performed in 68 consecutive patients who had 
GURMIT SANDHU, MD either normal findings or coronary artery disease on cardiac catheter- 
KENNETH B. DESSER, MD, FACC ization. The height of the a wave in relation to the total apexcardiographic 
ALBERTO BENCHIMOL, MD, FACC deflection (a/H) and the duration of both the rapid (RFW) and the slow 


(SFW) filling periods were determined in each case. The patients were 
classified into three groups: I, no evidence of heart disease on catheter- 
ization; Il, significant coronary artery disease with elevated left ventricular 
end-diastolic pressure; and Ill, coronary artery disease with normal filling 
pressure. There was a significant difference (P <0.001) between the 
SFW/RFW values (mean + 1 standard deviation) in control subjects 
(group I, 2.3 + 0.5) and in subjects with coronary artery disease (group 
Il, 4.7 + 1.6 and group Ill, 4 + 1.7). Setting the upper limit of normal for 
SFW/RFW at 2.8 (mean + 1 standard deviation) identified 94 percent of 
patients in group Il, 71 percent of patients in group IIl and 86 percent of 
all patients with coronary disease (group II plus group Ill). This sensitivity 
appeared greater than that of the a/H ratio. Only 2 of 17 patients (12 
percent) without coronary atherosclerosis had an SFW/RFW ratio greater 
than 2.8. It is concluded that (1) the slow/rapid filling period ratio is a 
useful noninvasive measurement for identifying subjects with ischemic 
heart disease; (2) the increased values for slow/rapid filling period ratio 
associated with obstructive coronary lesions may be caused by impair- 
ment of early left ventricular distensibility; and (3) this ratio should be 
determined in patients with other forms of heart disease to determine its 
specificity. 


Phoenix, Arizona 


The relation of the qualitative and quantitative aspects of apexcardio- 
graphy to the diagnosis of coronary artery disease has been widely in- 
vestigated during the past 15 years.!-? The correlation between the 
height of the apexcardiographic a wave and direct intracardiac mea- 


surement of left ventricular end-diastolic pressure during the resting | 


basal state has been emphasized.? Despite this relation, patients with 

coronary artery disease and elevated left ventricular filling pressure may 

manifest a normal-sized a wave in the apexcardiogram as a result of 
From the Institute for Cardiovascular Diseases, impaired left atrial contraction.!? 


Good Samaritan Hospital, Phoenix, Arizona. This . . . . . : 
study was supported by the E. Nichols and Kim Alterations in left ventricular compliance resulting from myocardial 


Sigsworth Memorial Funds and The Institute for ischemia have been stressed!!-16; increased diastolic stiffness in this 
Cardiovascular Diseases, Inc., Phoenix, Arizona. setting may reduce the duration of the rapid filling wave in relation to 
Manuscript received November 28, 1977; revised that of the slow filling wave in the apexcardiogram. This paper describes 


e February 27, 1978, accepted the relative duration of rapid and slow filling periods in the apexcardi- 


Address for reprints: Alberto Benchimol, MD ogram of subjects with documented coronary artery disease. The results 
Good Samaritan Hospital, PO Box 2989, Phoenix, obtained are compared with data from a group of patients with no evi- 
Arizona 85062. dence of heart disease on catheterization. 
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0.50 sec 





Material and Methods 


Patients: The 68 patients studied were consecutive normal 
patients or patients with coronary artery disease and sinus 
rhythm who had a technically satisfactory apexcardiogram 
in the 24 hours before cardiac catheterization. Of 108 suc- 
cessive patients with suspected cardiovascular disorders who 
underwent apexcardiography and invasive studies, appro- 
priate apex recordings were obtained in 99 (92 percent). 

Group I consisted of 17 patients with a systolic murmur or 
atypical chest pain originally attributed to heart disease. 
There were 10 women and 7 men, aged 16 to 68 years (mean 
46). Their catheterization studies were normal. 

Group II consisted of 34 patients with significant coronary 
artery disease (greater than 75 percent obstruction) and a left 
ventricular end-diastolic pressure greater than 12 mm Hg. 
There were 28 men and 6 women, aged 36 to 76 years (mean 
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FIGURE 1. Simultaneous lead II (L II) of elec- 
trocardiogram and apexcardiogram (ACG) in- 
dicating method of measurement. The a wave 
height and the amplitude of the total apex- 
cardiographic deflection (E-O) (H) are shown. 
IC — isovolumic contraction period; RFW — 
duration of rapid filling wave; SFW = duration 
of slow filling wave. 


56). No subject in this group had coexisting hypertension or 
valvular heart disease. 

Group III consisted of 17 patients, 12 men and 5 women 
aged 47 to 72 years (mean 58). All had significant coronary 
artery disease and a left ventricular end-diastolic pressure less 
than 12 mm Hg. No patient in this group had hypertension 
or valvular heart disease. 

Apexcardiography: This procedure was performed in a 
vibration-free recording room using established techniques.’ 
With the patient in the left lateral decubitus position, the 
maximal point of the apical impulse was identified, and the 
impulse was recorded using a hand-held Hewlett Packard 
APT-16 transducer connected to a 5 volt power supply and 
the alternating current terminal of an Electronics for Medicine 
amplifier. Tracings were recorded on an oscilloscopic photo- 
graphic recorder at a paper speed of 75 mm/sec with 0.04 
second time lines. 


FIGURE 2. Distribution of left ventricular end-diastolic 
pressure (LVEDP) in the three groups. Bars indicate mean 
values +1 standard deviation. Closed circles indicate 
male and open circles female patients. N — number of 
patients. 





GROUP III (N-17) 


GROUP II (N-54) 


GROUP I (N-17) 
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The apexcardiogram was analyzed using standard methods | 


and nomenclature. The a/H ratio represented the height (in 
mm) of the apical a wave divided by the total deflection of the 
tracing as measured from the O point to the E point. This ratio 
was multiplied by a factor of 100 and expressed as a percent. 
The duration of the rapid filling wave (RFW) was measured 
(in msec) from its beginning (O point) to the site where the 
contour deviated toward the horizontal. The duration of the 
slow filling wave (SFW) was measured from the terminus of 
the rapid filling wave to the beginning of the a wave (Fig. 1). 


30- 
20- 
aH C») 
10- 
FIGURE 3. Distribution of ratios of a wave amplitude 
to total apexcardiographic deflection (a/H) in the three 
groups. Symbols and abbreviations as in Figure 2. 
10 
8 
SFW/RFW 
E 
2 
FIGURE 4. Distribution of the slow filling wave/rapid 
filling wave period ratio (SFW/RFW) in the three 
groups. Symbols and abbreviations as in Figure 2. 
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The SFW/RFW duration ratio was then calculated for each 
subject. All such measurements represented the average of 
three successive cardiac cycles determined by two observers 
unaware of the clinical or catheterization data. Internal con- 
sistency was ascertained by obtaining independent mea- 
surements from both observers in a “blind” fashion, that is, 
so that neither physician knew the final invasively determined 
diagnosis. Interobserver variation was minimal, accounting 
for a difference in the RFW/SFW ratio greater than 5 percent 
in only 4 of 68 patients (5.8 percent). In these four cases, the 
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TABLE I 





Mean Values (+1 standard deviation) for Age, a/H Ratio, Left Ventricular End-Diastolic Pressure (LVEDP), SFW/RFW Ratio, 


Heart Rate and Probability Values for the Three Groups 





Probabili 
Group Group Group | vs. | vs. Il vs. 
| Il I! I I I 

Age (yr) 46+ 13 56+ 11 58+7 <0.002 <0.002 NS 
a/H (%) 8+3 12+4 155 <0.002 <0.0005 <0.02 
LVEDP (mm Hg) 102 195 942 <0.001 NS <0.0005 
SFW/RFW 2.3 0.5 4.7 t 1.6 4.0 X 1.7 «0.001 «0.0005 NS 
Heart rate (beats/min) 73 + 16 71+ 16 67 19 NS NS NS 


NS = not significant (P 20.05). 


apexcardiograms were jointly studied by the observers and 
another investigator who did not know the anatomic find- 


ings. 


Cardiac catheterization: This procedure was performed 
with the patient supine and in the postabsorptive, nonsedated 
state. Left ventricular pressures were obtained with saline- 
filled catheters connected to a Statham strain gauge and re- 
corded on an Electronics for Medicine DR-12 recorder. End- 
diastolic pressures were recorded before coronary arteriog- 
raphy. Coronary cineangiography was performed with 75 
percent Hypaque? using the Sones or Judkins technique. 
Occlusive disease causing a reduction greater than 50 percent 
in luminal diameter was considered to represent 75 percent 
cross-sectional obstruction to flow. In 88 percent of subjects, 
nitrites, propranolol (given to 15 of 51 patients [29 percent] 
with angina pectoris) and other medications were withheld 
for 48 hours before cardiac catheterization. No patient re- 
ceived pharmacologic agents for at least 8 hours before cath- 
eterization and apex recording. 

Probability values were obtained using Student's t test for 


. unpaired measurements. 


Results 


Figures 2 to 4 show the values for left ventricular 
end-diastolic pressure, a/H ratio and slow filling to rapid 
filling (SFW/RFW) period ratios for patients in the 
three groups. Table I lists the mean (+1 standard de- 
viation) determinations for those measurements, along 
with the age, the heart rate and the significance of the 
difference among the data in each group. The heart 
rates, measured at the time of noninvasive study, were 
not significantly different in the three study groups. 
When the upper limit of normal for the a/H ratio was 
set at 14 percent, only 10 of 34 patients (29 percent) with 
coronary artery disease and a left ventricular end-dia- 
stolic pressure greater than 12 mm Hg (group II) had an 
abnormal value. Ten of 17 subjects (59 percent) with 
coronary artery disease and an end-diastolic pressure 
less than 12 mm Hg (group IIT) had an a/H ratio greater 
than or equal to 14 percent, whereas no patient in the 
control group (group I) had an abnormally large a wave. 
The a/H ratio was significantly lower in the control 
patients than in the patients with coronary artery dis- 
ease. 

Patients with coronary artery disease versus 
normal subjects: There were no significant differences 
between the SFW/RFW ratios of the patients with 
coronary artery disease in groups II and III. When the 
SFW/RFW of control subjects were compared with 
those of patients with coronary artery disease, the dif- 
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ferences were highly significant (group I, 2.3 + 0.5; group 
II, 4.7 + 1.6; group III, 4 + 1.7; groups II and III versus 
group I, P «0.001). The SFW/RFW value of 2.8 (mean 
+ 1 standard deviation) was arbitrarily selected as a 
value that might prove of clinical use. A review of indi- 
vidual data revealed that only 2 of 17 subjects (12 per- 
cent) with no evidence of heart disease at catheteriza- 
tion had an SFW/RFW value greater than 2.8 compared 
with 32 of 34 patients (94 percent) in group II and 12 of 
17 patients (71 percent) in group III. When the a/H and 
SFW/RFW sensitivity levels for detecting coronary 
artery disease (51 patients) were compared, the relative 
rates were: a/H greater than 14 percent, 20 of 51 patients 
(39 percent); SFW/RFW greater than 2.8, 44 of 51 pa- 
tients (86 percent). Only 2 of 51 subiects (4 percent) with 
coronary artery disease had an a/H value greater than 
14 percent with an SFW/RFW value of less than 2.8; 
both of these subjects had normal left ventricular end- 
diastolic pressure. 

Correlation with age: The mean age of patients in 
group I (46 + 13 years) was significantly lower (P 
<0.002) than that of patients in groups II (56 + 11 years) 
and III (58 + 7 years). Therefore the SFW/RFW values 
were plotted against age for all 68 patients studied, re- 
vealing an insignificant degree of positive correlation 
(r = 0.12). The paired a/H and SFW/RFW ratios were 
also plotted against age, disclosing a significant (P 
<0.005) but relatively low degree of positive correlation 
(r = 0.34). The correlation coefficient for left ventricular 
end-diastolic pressure and SFW/RFW ratio in group II 
was 0.19. 


Discussion 


'The influence of myocardial ischemia on the diastolic 
configuration of the apexcardiogram has been inten- 
sively investigated. Both spontaneous and exercise- 
induced episodes of angina pectoris can produce an in- 
crease in the height of the a wave and in some cases a 
prominent rapid filling wave.4517 These events fre- 
quently correlate with the appearance of the fourth and 
third heart sounds, respectively. Such dynamic changes 
have been ascribed to diminished distensibility of the 
left ventricular myocardium during periods of oxygen 
deprivation.!? 

Attenuation of earlv left ventricular filling re- 
lated to diminished compliance: This study was 
prompted by the suggestion that early filling of the left 
ventricle might be attenuated in patients with coronary 
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artery disease. Indeed, sequential diastolic volume 
measurements in subjects with sinus rhythm indicate 
that the amount of filling in the first third of diastole is 
38 percent in normal subjects but only 25 percent in 
patients with coronary artery disease and abnormal 
segmental left ventricular contraction.!! We surmise 
that an abbreviation of the rapid filling period (RFW) 
in relation to the slow filling period (SFW) in the basal 
setting of significant coronary artery disease is a cor- 
relate of diminished left ventricular compliance. The 
increased SFW/RFW ratio in our patients with coro- 
nary artery disease was not a result of alterations in 
heart rate or left ventricular end-diastolic pressure 
because there was no significant difference among car- 
diac cycle lengths in the three groups and no major 
correlation between the SFW/RFW ratio and end- 
diastolic pressure in group II (r = 0.19). Although the 
mean age of patients in the control group was less than 
that of patients in groups II and III, there was no sig- 
nificant correlation between age and the SFW/RFW 
ratio. 

Limitations of such study: The apexcardiogram and 
measurement of left ventricular end-diastolic pressure 
were not simultaneously performed in any patient 
studied. The mean a/H ratio was significantly higher (15 
+ 5 versus 12 + 4 percent; P <0.02) in patients in group 
III, who had an end-diastolic pressure of 9 2 mm Hg, 
than in patients in group II, who had a higher mean 
pressure (19 + 5 mm Hg). This difference may be due 
to variations in the responses of patients in the two 
groups to undergoing cardiac catheterization without 
sedation. Much published data? indicate that an ab- 
normal a/H ratio is useful for identifying elevated 
end-diastolic pressure when both are assessed together. 
In addition, both measurements frequently increase 
during an acute episode of angina. However, we believe 
that during the past 5 years cardiac catheterization has 
been performed in more patients with angina pectoris, 
coronary atherosclerosis and normal basal left ven- 
tricular end-diastolic pressure than in the past, possibly 
because of improved techniques for myocardial revas- 
cularization. A larger number of such patients with la- 
bile left ventricular end-diastolic pressure would reduce 
the value of the resting a/H ratio as measured with the 
apexcardiogram. The possible “diluting” effect of this 
patient group on the traditional noninvasive markers 
of left ventricular dysfunction is being studied. 

A curtailment of early left ventricular filling in pa- 
tients with coronary disease is indirectly suggested by 
our data. Volume-pressure loops were not constructed, 
and sequential angiographic studies of left ventricular 
filling were not performed to evaluate myocardial 
compliance or changes in volume during various phases 
of diastole. Such studies may provide insight into the 


References 


1. Benchimol A, Dimond EG: The normal and abnormal apexcardi- 
ogram. Its physiologic variation and its relation to intracardiac 
events. Am J Cardiol 12:368-382, 1963 

2. Coulshed N, Epstein EJ: The apex cardiogram: its normal features 
explained by those found in heart disease. Br Heart J 25:697-708, 
1963 


SE, 


Ts be 3 itl) 3 Cx - > > " "msi Sem o. 
uo mS TIT ie > 2 eee Ee PATATE PEST a 


. FILLING RATIO IN APEXCARDIOGRAM—SILVESTRE ET AL. 


enhanced SFW/RFW relation in patients with myo- 
cardial ischemia. 

In this study the SFW/RFW ratio was measured in 
patients with isolated coronary artery disease and 
compared with the ratio in patients with no evidence of 
heart disease on catheterization. The influence of other 
cardiovascular diseases on the SFW/RFW ratio is un- 
known and warrants further investigation. It should be 
stressed that our control group consisted of 17 subjects 
with a systolic murmur or atypical chest pain originally — 
attributed to heart disease. The majority of such pa- 1 
tients were women with a mean age 10 years less than 
that of the patients with coronary disease. The ideal 
control group would consist of age- and sex-matched 
subjects without symptoms or signs of a cardiovascular 
disorder. The ethical or medicolegal constraints implicit 
in performing cardiac catheterization in such subjects 
are clear. However, results of the isolated noninvasive 
study of asymptomatic persons with a normal physical 
examination must be viewed with caution because the 
prevalence of subclinical coronary artery disease in the 
56 year old predominantly male group is unknown.'? A 
definition of *normal" for patients who have undergone 1 
cardiac catheterization has not been established. 
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Advantages of the study: Apexcardiography is a 
simple noninvasive technique that is readily available 
and easy to use in studying patients with suspected 
coronary artery disease. Our data suggest that the ratio 
of slow filling period to rapid filling period (SFW/RFW) 
determination frequently (in 86 percent of our patients) 
exceeds 2.8 in patients with angiographically demon- 
strable occlusive coronary artery disease and identifies 
94 percent of patients with a left ventricular end-dia- 
stolic pressure greater than 12 mm Hg. This externally 
derived measurement appears more sensitive than the 
a/H ratio for ascertaining the presence or absence of 
coronary atherosclerosis in patients with a chest pain 
syndrome. A few patients with coronary artery disease 
had an a/H ratio greater than 14 percent and an 
SFW/RFW ratio less than 2.8, indicating that the di- 
agnostic accuracy of the apexcardiogram is enhanced 
when both measurements are considered. The method 
also provides a useful adjunct to the treadmill stress 
test, which results in S- T segment and U wave abnor- 
malities in 88 percent of patients with exertional angina 
and a normal resting electrocardiogram when chest pain 
is reproduced during exercise.?? 
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Mitral Valve Motion and Changes in Left Ventricular 


End-Diastolic Pressure: A Correlative Study 
Of the PR-AC Interval 


J. RANDOLPH LEWIS, MD To evaluate the relation between mitral valve motion and left ventricular 
JOHN O. PARKER, MD, FACC end-diastolic pressure, the PR-AC interval, an index derived from the 
GARY W. BURGGRAF, MD, FACC electrocardiogram and mitral echogram, and the left ventricular end- 


Kingston, Ontario, Canada 


There is currently great interest in the use of echocardiography to assess 
left ventricular function. Echocardiographic indexes based on quanti- 
tation of left ventricular diameter and its changes during the cardiac 
cycle have been validated as useful measures of left ventricular perfor- 


mance.! 


Because left ventricular end-diastolic pressure increases with de- 
creased left ventricular compliance or pump failure, a noninvasive 
technique that could reliably predict this pressure would be of great 
value. Konecke et al.? reported that a PR-AC interval of 0.06 second or 
less, a value derived from the electrocardiogram and mitral valve echo- 
gram, can predict elevation of left ventricular end-diastolic pressure to 
values of 20 mm Hg or greater, provided that the atrial component of 
the left ventricular pressure pulse is at least 8 mm Hg.? They also found 
that a PR-AC interval greater than 0.06 second was associated with a 
left ventricular end-diastolic pressure of less than 20 mm Hg in most 
cases, the three exceptions occurring when an end-diastolic pressure of 


From the Department of Medicine, Kingston more than 20 mm Hg occurred with an A wave of less than 8 mm Hg. The 
General Hospital, Queen's University, Kingston, PR-AC interval has also been reported to have prognostic value in pa- 
Ontario, Canada. This study was supported by : th al dial inf . di dicti 
Grants T2-13 and 2-9 from the Ontario Heart tients with acute transmural myocardial infarction and in predicting 
Foundation, and Grant MT-3062 from the Medical surgical mortality in patients undergoing left ventricular aneurysmec- 
Research Council. Manuscript received February tomy or coronary bypass surgery.?-? However, the studies on which these 
o ek ici ear April 18, data are based were all performed with subjects in the resting state. In 
An akaapa Ss A this study we therefore manipulated left ventricular end-diastolic 
ess for reprints: Gary W. Burggraf, MD, : UR Ae : ‘ , 
Hotel Dieu Hospital, Kingston, Ontario, Canada pressure in a group of patients while recording the mitral valve echogram 
K7L 3H6. to determine if the PR-AC interval would prove useful in monitoring 
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diastolic pressure were determined simultaneously in 22 patients 
undergoing diagnostic cardiac catheterization. Intravenous infusion of 
dextran or administration of nitroglycerin was used to alter left ventricular 
end-diastolic pressure to determine if there was a predictive relation 
between this pressure and the PR-AC interval during acute hemodynamic 
manipulations. There was a weak negative correlation (r = —0.33, P 
<0.01) between this pressure and the PR-AC interval. At rest a PR-AC 
interval greater than 0.06 second correctly predicted a left ventricular 
end-diastolic pressure of less than 20 mm Hg in 15 of 16 subjects. How- 
ever, in four of six subjects with a PR-AC interval of 0.06 second or less, 
the end-diastolic pressure was less than 20 mm Hg. After interventions 
that varied left ventricular end-diastolic pressure by a factor of 2, the 
PR-AC interval changed slightly or not at all. These data suggest that the — 
PR-AC interval is of limited value in predicting abnormal values or serial 
changes in left ventricular end-diastolic pressure. 
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FIGURE 1. Simultaneous mitral valve echogram, elec- 
trocardiogram and left ventricular pressure on a high 
sensitivity scale to illustrate the method of determining 
PR-AC interval and the size of the left ventricular A wave. 
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changes in left ventricular end-diastolic pressure due 
to various interventions. 


Methods 


Patients: Twenty-two patients undergoing diagnostic 
cardiac catheterization were studied after giving informed 
consent. There were 15 men and 7 women with a mean age of 
49 years (range 36 to 62). The postcatheterization diagnoses 
included coronary artery disease (9 patients), pulmonary 
stenosis (1 patient) and chest pain with a normal coronary 
arteriogram (12 patients). All patients had sinus rhythm. 

Procedures: Echocardiograms were obtained in the M 
mode at a paper speed of 100 mm/sec using a Smith-Kline 
Instruments ultrasonoscope interfaced with a Cambridge fi- 
beroptics multichannel recorder. Left heart pressure was 
obtained with a fluid-filled catheter connected to a Statham 
P23Db strain gauge with zero set at a level 5 cm below the 
angle of Louis with the patient supine. 

After right and left heart catheterization, a control mitral 
echogram, lead II of the electrocardiogram and left ventricular 
pressure were recorded simultaneously on the same strip chart 
recorder. In four patients with a resting left ventricular end- 
diastolic pressure of 20 mm Hg or greater, nitroglycerin, 0.3 
mg sublingually, was given to reduce the pressure and the 
mitral echogram, electrocardiogram and left ventricular 
pressure were recorded 2, 5, 10 and 15 minutes later. In the 18 
patients with a resting left ventricular end-diastolic pressure 
of less than 20 mm Hg, low molecular weight dextran (Rheo- 
macrodex®) was infused intravenously at 30 ml/min, and the 
same recordings were made after each 100 ml increment until 
the end-diastolic pressure reached 25 mm Hg or 500 cc of 
dextran had been given. In three patients, the legs were ele- 
vated at the end of infusion to increase further end-diastolic 
pressure. In one patient, the mitral valve echogram and left 
ventricular pressure were recorded after a left ventriculogram, 
and then nitroglycerin was administered to reduce left ven- 
tricular filling pressure. In the remaining subjects, angiogra- 
phy was performed after the hemodynamic studies. 

The PR-AC interval: This interval was derived from the 
electrocardiogram and mitral valve echocardiogram using the 
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of mitral valve where both leaflets come into apposition). 
The difference (in seconds) between the A-C interval (AC) 
derived from the mitral valve echogram and the P-R in- 
terval (PR) derived from the electrocardiogram gives the 
PR-AC interval. L Va = left ventricular pressure A wave 
indicated by vertical arrows; LVEDP = left ventricular 
end-diastolic pressure. 


technique described by Konecke et al.? (Fig. 1). The P-R in- 
terval, defined as the interval from the onset of the P wave to 
the beginning of the QRS complex, was measured in seconds 
from lead II of the electrocardiogram. Both mitral leaflets were 
visualized in the echocardiogram of 20 subjects; in 2 patients 
only the anterior leaflet was seen. The A-C interval, measured 
in seconds, was defined as the time interval between the A 
point of the mitral echogram to mitral closure (C point), in- 
dicated by the apposition of the mitral leaflets or the termi- 
nation of anterior leaflet closing motion when the posterior 
leaflet was not visualized. These two measurements were av- 
eraged over at least five consecutive cardiac cycles, and the 
PR-AC interval was then calculated as the difference between 
the P-R and A-C intervals. Left ventricular pressure was re- 
corded at a high sensitivity level (Fig. 1), and left ventricular 
end-diastolic pressure, defined as the nadir or inflexion after 
the A wave, was averaged over the same five consecutive cycles 
from which the PR-AC interval was derived. The magnitude 
of the left ventricular pressure A wave, measured from its 
onset after the P wave of the electrocardiogram to its peak, 
was also averaged over five cardiac cycles. 


Results 


Relation between PR-AC interval and left ven- 
tricular end-diastolic pressure at rest: This relation 
in the 22 subjects is illustrated graphically in Figure 2. 
Of the 16 patients who had a PR-AC interval greater 
than 0.06 second, only 1 had a left ventricular end-dia- 
stolic pressure greater than 20 mm Hg and an A wave 
of 8 mm Hg. Therefore in the resting state a PR-AC 
interval greater than 0.06 second correctly predicted an 
end-diastolic pressure of less than 20 mm Hg in 15 of 16 
subjects (94 percent). However, of the six patients with 
a PR-AC interval of 0.06 second or less, only two had an 
end-diastolic pressure of 20 mm Hg or more. Thus, the 
data in five patients did not fall into the pattern pre- 
dicted by the previously reported relation between the 
PR-AC interval and left ventricular end-diastolic 
pressure at rest.? 
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Effects of dextran and nitroglycerin adminis- 
tration: The relation between the PR-AC interval and 
left ventricular end-diastolic pressure is plotted in 
Figure 3 for both the resting values and those obtained 
after administration of dextran or nitroglycerin. A total 
of 112 paired values of left ventricular end-diastolic 
pressure and PR-AC interval were available for analysis. 
A wide scatter of the points relating these two variables 
is evident, and the correlation coefficient was low (r = 
—0.33) although statistically significant (P <0.01). 
When only subjects with a left ventricular end-diastolic 
pressure of 20 mm Hg or more and a left ventricular A 
wave of 8 mm Hg or more were considered (17 paired 
values), the PR-AC interval varied from 0.03 to 0.08 
second. 

In seven of these pairs the PR-AC interval was more 
than 0.06 second, whereas in 10 it was less. There were 
13 paired values with a PR-AC greater than 0.06 second 
in which the left ventricular end-diastolic pressure was 
20 mm Hg or more, and in 7 of them the A wave was 8 
mm Hg or more. On the other hand, in 28 of the 46 
paired values in which end-diastolic pressure was less 
than 20 mm Hg, the PR-AC interval was 0.06 second or 
less. Thus, considering the resting values and postin- 
tervention results, there was no PR-AC value that could 
reliably separate the normal from elevated levels of left 
ventricular end-diastolic pressure. 

Variability in directional changes: In the 18 pa- 
tients receiving dextran infusion, the left ventricular 
end-diastolic pressure increased from 11 + 4 mm Hg 
(mean + standard deviation) to 23 + 3 mm Hg, whereas 
the PR-AC interval decreased from 0.08 + 0.02 second 
to 0.06 + 0.01 second. Thus, the directional changes 
were consistent with the previously reported inverse 
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FIGURE 2. Relation between the PR-AC interval and left ventricular 
end-diastolic pressure (LVEDP) at rest in 22 subjects. 
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relation between left ventricular end-diastolic pressure 
and the PR-AC interval. However, the individual data 
reveal marked variation in this relation. For example, 
Patient 1 (Fig. 4) had at rest a normal left ventricular 
end-diastolic pressure of 12 mm Hg and a PR-AC in- 
terval of 0.09 second. When end-diastolic pressure in- 
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FIGURE 3. Relation between the PR-AC interval and left ventricular — 
end-diastolic pressure (LVEDP) including resting data and points after — 
interventions (dextran infusion or nitroglycerin administration) to vary 
the end-diastolic pressure. r = —0.33; P «0.01. 
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FIGURE 4. Changes in the PR-AC interval and left ventricular end-dia- — 
stolic pressure (LVEDP) in four subjects given a dextran infusion. | 
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creased twofold to 24 mm Hg with dextran infusion, the 
PR-AC interval decreased only slightly to 0.08 second. 
With dextran infusion Patient 2 showed a decrease in 
the PR-AC interval from 0.06 to 0.05 second which, 
according to Konecke et al.,? should have predicted a 
high end-diastolic pressure, but in fact this pressure was 
only 15 mm Hg. There was no further change in the 
PR-AC interval as the end-diastolic pressure increased 
to 23 mm Hg. In Patient 3 there was a clear inverse 
relation between the two variables: As the PR-AC in- 
terval decreased from 0.08 to 0.03 second after dextran 
infusion, the end-diastolic pressure increased from 12 
to 23 mm Hg. Patient 4 had a low PR-AC interval (0.04 
second) at rest with an end-diastolic pressure of 17 mm 
Hg; with infusion, the PR-AC interval decreased min- 
imally to 0.03 second, whereas the end-diastolic pressure 
increased to 23 mm Hg. In all four subjects the PR-AC 
interval decreased as left ventricular end-diastolic 


pressure increased, but in three of the four the decrease 


was very slight (0.01 second). The majority of the re- 
maining subjects also showed only a slight or no change 
in the PR-AC interval with infusion. 


Discussion 


The PR-AC interval as a predictor of left ven- 
tricular diastolic pressure: Konecke et al.? described 
an inverse relation between left ventricular end-diastolic 
pressure and the PR-AC interval. They suggested that 
the A-C interval lengthens when left ventricular com- 
pliance decreases for the following reasons: The more 
rapid than usual increase in atrial pressure followed by 
an immediate increase in left ventricular pressure re- 


 sults in early crossover of these pressures, and hence the 


onset of mitral closure (A point) occurs early; complete 
closure of the mitral valve (C point) occurs at a higher 
left ventricular pressure and is thus delayed; the net 
effect of these two changes would be a lengthening of the 
A-C interval. Because the duration of atrioventricular 
conduction also influences the onset of mitral closure, 
Konecke et al. chose to allow for this factor by measur- 
ing the difference between the PR and AC intervals. 
Expressing their findings in more quantitative terms 
they reported that a PR-AC interval of 0.06 second or 
less was associated with a left ventricular end-diastolic 
pressure of 20 mm Hg or more and an A wave of 8 mm 
Hg or more in each of their cases. They also found that 
when the PR-AC interval was greater than 0.06 second, 
the left ventricular end-diastolic pressure was less than 
20 mm Hg or was 20 mm Hg or more with an A wave of 
less than 8 mm Hg. 

In the 22 patients we studied at rest, our data revealed 
five exceptions to their predictions; in four of these left 
ventricular end-diastolic pressure was overestimated. 
In 94 percent of the resting subjects, a PR-AC value 
greater than 0.06 second correctly predicted a left ven- 
tricular end-diastolic pressure of less than 20 mm Hg. 
A low PR-AC value (0.06 second or less) was less reliable 
because it had a 66 percent false positive rate in pre- 
dicting an end-diastolic pressure of 20 mm Hg or more. 
Differences were more striking when we studied the 
relation between the PR-AC interval and left ventric- 
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ular end-diastolic pressure after interventions that 
modified the end-diastolic pressure. In contrast to the 
findings at rest, only slightly more than half (28 of 46) 
of PR-AC values of 0.06 second or less were associated 
with a left ventricular end-diastolic pressure of less than 
20 mm Hg. In addition, in 13 instances a PR-AC interval 
greater than 0.06 second was associated with an end- 
diastolic pressure of 20 mm Hg or more, and in 7 of these 
the A wave was 8 mm Hg or more. Although there was 
a weak negative correlation between the PR-AC interval 
and left ventricular end-diastolic pressure (r = —0.33) 
after the drug interventions, because of the wide scatter 
of data there was no PR-AC value that could separate 
normal from elevated levels of left ventricular end- 
diastolic pressure. Thus, the PR-AC interval did not . 
dependably predict normal or elevated left ventricular 
end-diastolic pressure after an intervention, although 
an interval greater than 0.06 second at rest usually was 
a reliable predictor of a left ventricular end-diastolic 
pressure of less than 20 mm Hg. 

PR-AC relation over a wide range of left ven- 
tricular end-diastolic pressure: We found that in a 
given subject the PR-AC interval may remain constant 
or show only minor change over a wide range of left 
ventricular end-diastolic pressures when these pressures 
are raised or lowered by administration of nitroglycerin 
or dextran. Thus, the PR-AC interval would be of little 
use in serial studies of left ventricular end-diastolic 
pressure after a therapeutic intervention or when 
looking for evidence of deterioration of ventricular 
function. In a similar study Yow et al. also were unable 
to demonstrate any simple quantitative relation be- 
tween the PR-AC interval and left ventricular end- 
diastolic pressure when the latter was varied from 1 to 
28 mm Hg with interventions such as nitroglycerin ad- 
ministration, atrial pacing or angiography. 

Factors influencing mitral valve closure and the 
P-R interval: Corya et al.? recently reported that in a 
group of 204 patients with coronary artery disease, a 
PR-AC interval of 0.06 second or less was associated 
with a resting left ventricular end-diastolic pressure 
ranging from 3 to 34 mm Hg (mean 11) in those with 
normal left ventricular dimensions and 5 to 28 mm Hg 
(mean 23) in those with an increase in left ventricular 
diameter. Thus, factors other than the left ventricular 
end-diastolic pressure apparently influence mitral valve 
closure. Feigenbaum’ also noted some exceptions to the 
previously predicted relation between the PR-AC in- 
terval and left ventricular end-diastolic pressure. He 
suggested that some of these discrepancies may occur 
in subjects with a very short P-R interval (less than 0.14 
second), which would have the effect of decreasing the 
PR-AC interval. Interestingly, two of the four subjects 
in Figure 2 who had an inappropriately low PR-AC in- 
terval at rest in the presence of a normal left ventricular 
end-diastolic pressure had a P-R interval of less than 
0.14 second. Of the 28 PR-AC values in Figure 3 that 
were inappropriately low when associated with a left 
ventricular end-diastolic pressure of less than 20 mm 
Hg, only 6 were associated with a P-R interval of less 
than 0.14 second. Thus, most of the exceptions to the 
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predicted relation between the PR-AC interval and left 
ventricular end-diastolic pressure could not be ex- 
plained on the basis of a P-R interval of less than 0.14 
second. 

Clinical implications: This study has examined the 
previously reported quantitative relation between the 
PR-AC interval, derived from the electrocardiogram 
and mitral valve echogram, and left ventricular end- 
diastolic pressure. In the resting state a PR-AC interval 
greater than 0.06 second correctly predicted a left ven- 
tricular end-diastolic pressure of less than 20 mm Hg 
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in 15 of 16 subjects. A short PR-AC interval (0.06 second 
or less) incorrectly predicted a left ventricular end- 
diastolic pressure greater than 20 mm Hg in four of six 
subjects. A poor correlation was found between the 
PR-AC interval and left ventricular end-diastolic 
pressure after maneuvers that increased or decreased 
the left ventricular end-diastolic pressure. These results 
indicate that this noninvasive index is not reliable for 
predicting abnormal resting left ventricular end-dia- 
stolic pressure or for monitoring this pressure after 
acute interventions. 
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A total of 167 patients with pericardial thickening noted on M mode 
echocardiography were studied retrospectively. After the echocardiogram, 
72 patients underwent cardiac surgery, cardiac catheterization or autopsy 
for various hear: diseases; 96 patients had none of these procedures. In 
49 patients the pericardium was directly visualized at surgery or autopsy; 
76 percent of these had pericardial thickening or adhesions. In another 
8 percent, pericardial adhesions were absent, but no comment had been 
made about the appearance of the pericardium itself. In the remaining 
16 percent, no comment had been made about the pericardium or peri- 
cardial space. Cardiac catheterization in 64 patients revealed 24 with 
hemodynamic findings of constrictive pericarditis or effusive constrictive 
disease. 

Seven echocardiographic patterns consistent with pericardial adhesions 
or pericardial thickening are described and related when possible to the 
subsequent findings at heart surgery or autopsy. The clinical diagnoses 
of 167 patients with pericardial thickening are presented. The hemody- 
namic diagnosis of constrictive pericardial disease was associated with 
the echocardiographic finding of pericardial thickening, but there were 
no consistent echocardiographic patterns of pericardial thickening di- 
agnostic of constriction. However, certain other echocardiographic ab- 
normalities of left ventricular posterior wall motion and interventricular 
septal motion and a high E-Fo slope were suggestive of constriction. 


The M mode echocardiographic appearance of pericardial effusion has 
been well characterized, ? but in clinical practice one often encounters 
patterns that are not classic for simple effusion and that may represent 
pericardial thickening. Feigenbaum? described several echocardiographic 
patterns consistent with a thickened pericardium, but we are not aware 
of any large scale study addressing this problem. Various echocardio- 
graphic features have been reported useful in the diagnosis of constrictive 
pericarditis: Rapid posterior movement of the left ventricular posterior 
wall in early diastole, followed by a flat mid to late diastolic motion has 
been described.? Gibson et al.? noted abnormal interventricular septal 
motion characterized by a rapid anterior. displacement of the left ven- 
tricular septal echo at the time of the electrocardiographic QRS complex, 
followed by a rapid exaggerated posterior motion in early diastole. The 
E-Fo slope of the anterior mitral valve leaflet was reported to be ab- 
normally rapid in some patients with constrictive pericarditis.? However, 
no pathognomonic echocardiographic evidence for constrictive peri- 
carditis has been found. | 
This study was undertaken (1) to define the significance of pericardial 
thickening as noted on M mode echocardiography and thus to refine 
further our criteria for this interpretation, (2) to investigate whether 
there are any patterns that are diagnostic of pericardial constriction, and 
(3) to investigate the incidence of pericardial constriction in patients 


with pericardial thickening noted in the M mode echocardiogram. 


i 
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Methods 


Patient selection: All patients in this study had a diagnosis 
of pericardial thickening on the basis of M mode echocardi- 
ography performed at Stanford University Hospital between 
1972 and 1977. Pericardial thickening was diagnosed when 
parallel posterior pericardial echo interfaces were noted; no 
specific echocardiographic system existed for differentiating 
types of pericardial thickening. Patients were identified from 
the computerized patient data base comprising all patients 
seen by our Cardiology Division.* Of the 173 patients listed, 
6 were excluded because their echocardiograms were not 
available for review. The medical records of the remaining 167 
patients were examined for the clinical diagnosis at the time 
of the echocardiographic examination and results of hemo- 
dynamic studies, subsequent heart surgery or autopsy. 

The same computerized patient data base was used to 
identify all patients indexed as having a final diagnosis of 
constrictive pericarditis or effusive constrictive disease (24 
patients) who also had an echocardiogram. The medical rec- 
ords and echocardiograms of these patients were then re- 
viewed for hemodynamic, surgical and echocardiographic 
findings. 

Echocardiographic measurements: One of us (I.S.) ex- 
amined the echocardiogram of each patient for the appearance 
of pericardium without knowledge about the patient or his 
final diagnosis. When precise categorization of the pericardial 
elements was difficult, a second observer (R.P.) examined and 
categorized the appearance of the pericardium. 

The left ventricular posterior wall motion, interventricular 
septal motion, E-Fo slope, atrial emptying index and percent 
fractional shortening were examined in the subgroup of pa- 
tients who had cardiac catheterization (64 patients).5 The 
posterior left ventricular wall was categorized as “flat” if there 
was an early rapid diastolic movement of the posterior left 
ventricular wall and no further posterior motion during the 
rest of diastole.? No attempt was made to interpret the left 
ventricular posterior wall motion in the presence of a large 
pericardial effusion (more than 500 cc). 

The interventricular septal motion was examined with 
particular attention to the abnormalities described by Gibson 
et al.? A rapid anterior displacement of the left ventricular 
septum at the time of the QRS complex of the electrocardio- 
gram, followed by a flat or slightly posterior systolic motion 
and a rapid exaggerated early diastolic posterior motion, is 
suggestive of constrictive pericarditis.? No attempt was made 
to interpret the interventricular septal motion in the presence 
of a large pericardial effusion. 

The E-Fo slope of the mitral valve, which reflects left 
ventricular filling rate, was evaluated in those patients who 
did not have mitral stenosis, a mitral prosthetic valve or a large 
pericardial effusion. The range of normal values in our labo- 
- ratory is 2.5 to 11.7 cm/sec.9 

The atrial emptying index described by Strunk et al. was 
examined in the patients whose heart rate was lower than 85 
beats/min and in those who did not have mitral stenosis or a 
prosthetic mitral or aortic valve. 

The quantification of pericardial effusion was made using 
the method of Horowitz et al.! 

The percent fractional shortening of the left ventricular 
cavity was calculated as (Change in Left Ventricular Di- 
mension/End-Diastolic Left Ventricular Dimension) X 100. 
In our laboratory normal values for this index are 28 to 41 
percent. 

The criterion used for the hemodynamic diagnosis of 
pericardial constriction was diastolic equalization (within 6 
mm Hg) of pressures from the right and left ventricle and 
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pulmonary artery, mean pulmonary wedge pressure and right 
atrial pressure. In patients with right heart catheterization 
only, pericardial constriction was assessed without measure- 
ment of the left ventricular diastolic pressure. If a pericardial 


. effusion of more than 100 cc was noted in association with 


hemodynamic evidence of pericardial constriction, a diagnosis 
of effusive constrictive disease was made.’ 
Echocardiographic procedures: A Smith-Kline Ekoline 
20A ultrasonoscope with a pulse repetition rate of 1,000/sec 
and an acoustically focused, standard 2.25 megahertz, 13 mm 
transducer was used for all cases; the resulting tracings were 
printed on Ekoline 21, Honeywell 1856, Irex 101 or Electronics 
for Medicine DR-8 recorders. Standard procedure in our 
laboratory requires placement of the transducer at the left 
sternal border in the intercostal space that permits recording 
of both mitral valve leaflets when the transducer is perpen- 
dicular to the chest wall. The transducer is then tilted infer- 


olaterally to record the left ventricular cavity at the level of — 


the chordae tendineae. While repeated cardiac cycles are re- 
corded from this area, the damping control is altered se- 
quentially, placing variable resistances into the pulsing circuit 


and producing sound pulses of variable length. Because short P 
pulses increase the physical axial resolution of the sound and © 
contain less absolute energy than long pulses, only the stronger 


reflecting interfaces are recorded with maximal damping 
(short pulse). The gain settings permitting optimal visual- 


ization of the weak endocardial echoes are used with minimal _ 


damping (long pulse) as a basis for subsequent damping steps. — 
Maximal damping permits optimal identification of individual — 


echoes in the area of the posterior pericardium and gives an 
indication of the relative echo intensity of the recorded echoes. 
In each case, multiple damping settings are used. Since 1975 
a switched gain circuit has been present in our instruments. 


This circuit reduces the amplifier gain to a preset level 100  : 


times/sec, thereby highlighting the strong echoes in the vi- 
cinity of the posterior pericardium. 

All patients were studied in the 30? left lateral decubitus 
position with the head and thorax slightly elevated. 


Results 


Of the 167 patients identified as having pericardial 
thickening on M mode echocardiography, 71 patients 


71 PATIENTS WITH FOLLOW-UP 






4 PATHOLOGY 


45 SURGERY 64 CATHETERIZATION 


FIGURE 1. Diagram of 71 patients (PTS) undergoing surgery (SURG), 
cardiac catheterization (CATH) and autopsy (PATH) after echocardi- 


ography. 
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PERICARDIAL PATTERNS 






FIGURE 2. Diagrammatic representation of patterns of pericardial 
thickening used in this study. Patterns 1 through 7 are suggestive of 
pericardial thickening, adhesions or effusion. The diagram in the lower 
right panel is not considered suggestive of pericardial disease. See text 
and Figures 3 to 9 for description of the seven patterns. EN = endo- 
cardium; P = pericardium; PP = parietal pericardium; REV = inter- 
mittent reverberations; VP = visceral pericardium. 


underwent heart surgery, cardiac catheterization or 
autopsy; 96 patients had no further cardiac procedure. 
Forty-five patients had cardiac surgery, 4 a postmortem 
examination and 22 cardiac catheterization alone (Fig. 
1). A total of 64 patients had right heart catheterization; 
58 of these also had a left heart study. 


Anatomic Findings 


Of the 49 patients who had direct pericardial visual- 
ization at surgery or autopsy, 37 patients (76 percent) 
had pericardial thickening or adhesions. In eight pa- 
tients (16 percent) no comment was made about the 
appearance of the pericardium; in three patients (6 
percent) no pericardial adhesions were described at 
surgery but no comment at all was made about the ap- 
pearance of the pericardium, and in one patient (2 
percent) a small pericardial effusion was noted at au- 
topsy but neither pericardial adhesions nor thickening 
was described. The patterns of pericardial thickening 
noted in the M mode echocardiogram from the 37 pa- 
tients with positive anatomic findings were correlated 
with the anatomic descriptions. 


Echocardiographic Patterns 


Seven echocardiographic patterns of pericardial 
thickening or adhesions, or both, were used (Fig. 2). 
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FIGURE 3. Pattern 1 of pericardial thickening. The suggestion of two 
intense echoes separated by a space in the area of the pericardium is 
confirmed after the damping maneuver in the right portion of the panel 
because two intense echoes remain, and the more posterior one is most 
intense. c = chordae tendineae; ECG = electrocardiogram; EN = en- 
docardium; IVS = interventricular septum; PP = parietal pericardium; 
VP = visceral pericardium. 


Pattern 1: This pattern consists of two separate 
echoes representing visceral and parietal pericardial 
interfaces that are exactly parallel to each other, with 
a clear space of at least 1 mm between the two layers 
(Fig. 3). With the damping maneuvers no change occurs 
in the echo-free space, and the posterior or parietal in- 
terface is most intense. At surgery or autopsy, no sig- 
nificant thickening of the pericardial layers was de- 
seribed, but adhesions were noted within the pericardial 
space between the two layers. 

Pattern 2: This pattern is similar to pattern 1. The 
visceral and parietal pericardial interfaces are repre- 
sented by two separate parallel lines, but this separa- 
tion is not clearly visualized until the damping ma- 
neuver is used (Fig. 4). Without damping, the space 
between the visceral and parietal pericardial layers is 
either obscured by punctate echoes or is as dense as the 
left ventricular posterior wall. With maximal damping 
the space is virtually echo-free and the posterior or 
parietal pericardial interface is most intense. This 
pattern represents dense adhesions or multiple fluid- 
fibrous interfaces in the material between the pericar- 
dial layers. 

Pattern 3: At least two separate parallel lines are 
observed for the visceral pericardium, but the parietal 
pericardium is represented as a single line. This pattern 
was often combined with the echocardiographic ap- 
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FIGURE 4. Pattern 2 of berita ioka. Note the rather intense 
echoes, in the right portion of the panel, between the visceral (VP) and 
parietal (PP) echoes identified in the left portion of the panel after the 
damping maneuver. Abbreviations as in Figure 3. 


pearance of pericardial effusion, the latter suggested by 
nonparallel motion of the parietal and visceral interface 
echoes (Fig. 5). At autopsy or surgery, thickening of the 
visceral pericardium was described, and in some cases 
significantly thickened parietal pericardium was noted 
as well. Hence, a single line in the echocardiogram 
representing the parietal pericardium cannot exclude 
anatomic thickening of the parietal pericardium. This 
pattern often was associated with fluid in the pericardial 
space. 

Pattern 4: Multiple equally dense echoes in the re- 
gion of the parietal pericardium are interpreted as 
thickened parietal pericardium (Fig. 6). The visceral 
pericardium is represented as a single line not signifi- 
cantly thickened. These elements were observed in some 
cases with the echocardiographic pattern of pericardial 
effusion: The space behind the visceral pericardium was 
echo-free and the parietal pericardium was flat. In other 
cases, the thickened parietal pericardium exhibited 
exactly the same motion as the visceral pericardium but 
the pericardial layers were separated by an echo-free 
space greater than 1 mm. Anatomic examination re- 
vealed adhesions between the two layers of the peri- 
cardium as well as thickened parietal pericardium 
without significant thickening of the visceral pericar- 
dium. 

Pattern 5: Both visceral and parietal interface echoes 
are represented by separate sets of multiple lines, often 
in association with the echocardiographic appearance 
of a pericardial effusion (Fig. 7). Effusion was suggested 
by nonparallel motion of the sets of echoes, with the 
most posterior set from the parietal area showing the 
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FIGURE 5. Pattern 3 of pericardial thickening. Note the set of echoes 
representing the visceral pericardium (VP) separated from the flat pa- 
rietal pericardial (PP) echo. A relatively echo-free space between these 
sets of lines represents a pericardial effusion (PE). Abbreviations as 
in Figure 3. 
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FIGURE 6. Pattern 4 of pericardial thickening. Note the multiple parietal 
pericardial echoes and the parallel motion of the VP and PP lines. Ab- 
breviations as in Figure 3. 





«Sr AC aE t = 


j 
[s ; 
' ees sae 
à TTL e omes 
: PP mi aec Jai c [Hm gu. 
FIGURE 7. Pattern 5 of pericardial thickening. Multiple echoes are seen 
». A in the area of the visceral and parietal pericardium. These two sets of 
echoes are separated by a relatively echo-free space representing 
pericardial effusion (PE). Abbreviations as in Figure 3. 
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least motion. Anatomically, both pericardial layers were 
thickened, and a pericardial effusion was often noted. 

Pattern 6: The characteristic echocardiographic 
features of this pattern are the slight systolic anterior 
motion of the parietal pericardium, which still moves 
less than the visceral pericardium, and a space between 
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the parietal and visceral echoes which is as echo-dense 
as, or more dense than, the left ventricular posterior wall 
at any gain setting (Fig. 8). Anatomically, either peri- 
cardial effusion or a “fibrous peel" was described at 
surgery; thus this pattern did not distinguish among 
pericardial thickening, adhesions or a small pericardial 
effusion. The clinical data in many of these cases are 
compatible with this echocardiographic pattern rep- 
resenting a pericardial effusion that is organizing. 

Pattern 7: Multiple distinct parallel equally dense 
echoes are visualized in the vicinity of the pericardium 
with the damping maneuver. However, it is not possible 
to interpret which lines represent the visceral or parietal 
interface echoes (Fig. 9). Anatomic description included 
either fusion of thickened pericardial layers or a severely 
calcified and fibrotic parietal pericardium with a rela- 
tively normal visceral pericardium. 

Prevalence of various echocardiographic pat- 
terns and correlation with surgical findings: The 
echocardiogram showed a pattern of pericardial thick- 
ening or adhesions recognized as pattern 2 in 34 percent 
of the 167 cases, and as pattern 1 in 19 percent. In the 
remaining 47 percent the patterns were equally dis- 
tributed among patterns 3 through 7. No specific pat- 
tern was strictly associated with any individual disease 
process. 

Twenty-four patients were diagnosed as having 
constrictive pericarditis, and 19 of these underwent 
pericardiectomy. All patients with constrictive peri- 
carditis had pericardial thickening on echocardiogra- 
phy, but no pathognomonic pattern of constriction was 
found. Ten patients (42 percent) had effusive con- 
strictive disease. Echocardiographic patterns 3 and 5 
were found more frequently in patients with constric- 
tion than in those without constriction. 

Other echocardiographic features: Other features 
such as patterns of left ventricular posterior wall and 
interventricular septal motion, E-Fo slope and percent 


FIGURE 8. Pattern 6 of pericardial thickening. 
Note the intense echoes in the left portion of 
the panel between the visceral and parietal 
lines (seen more clearly in the right portion of 
the panel). This pattern differs from pattern 2 
by the lack of parallel motion of the visceral 
and parietal echoes. Abbreviations as in Figure 
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fractional shortening were found to support the diag- 
nosis of pericardial constriction (Table I). Flat left 
ventricular posterior wall motion in diastole was noted 
in 9 of 14 patients (64 percent) with constriction without 
effusion and in 4 of 40 patients (10 percent) with peri- 
cardial thickening without constriction who had cath- 
eterization. The suggestive interventricular septal 
motion described by Gibson et al.? was noted in 6 of 14 
patients (49 percent) with constriction without effusion 
and in no patient without constriction. A high E-Fo 
slope was noted in 2 of 14 patients (14 percent) with 
constrictive pericarditis without effusion but in no pa- 
tient without constriction. Low percent fractional 
shortening was found in only 1 of 14 patients (7 percent) 
with constrictive pericarditis but appeared more com- 
monly in patients with effusive constrictive disease (4 
of 10 patients, 40 percent) and in patients without 
constriction (15 of 40 patients, 38 percent). The atrial 
emptying index was not of value because a heart rate 
greater than 85 beats/min, invalidating the measure- 
ment, occurred in 20 of 24 patients (83 percent) with 
constrictive pericarditis or effusive constrictive dis- 
ease. 

Clinical diagnoses associated with pericardial 
thickening: Table II lists the clinical diagnoses of all 
patients with pericardial thickening noted on echocar- 
diography. The most common conditions associated 
with pericardial thickening at this institution are pre- 
vious cardiac surgery, mediastinal radiation, uremia, 
history of acute pericarditis and myocardial infarction. 
Only 22 of 167 patients had no known presumable cause 
for their pericardial disease. However, 8 of these 22 





FIGURE 9. Pattern 7 of pericardial thickening. A broad band consisting 
of multiple intense echoes is present in the area of the pericardium. 
The arrangement of these echoes does not allow segregation into 
visceral and parietal echoes. Abbreviations as in Figure 3. 
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patients had constrictive pericarditis or effusive con- 
strictive disease. Thus 33 percent of all patients with 
constriction had pericardial thickening on echocardi- 
ography without a known possible cause. 


Discussion 


Pericardial thickening as noted on echocardiographic 
examination is relatively uncommon. We found 173 
cases at Stanford University Hospital between the years 
1972 and 1977. During this period, approximately 9,000 
echocardiograms were performed. All patients in the 
study were listed in the computerized patient data base 
at this hospital. Although this file is not entirely com- 
plete, the patients included represent an otherwise 
prospectively unselected group of patients with pre- 
sumptive echocardiographic evidence of pericardial 
thickening. 

Possible limitations of study: This study is a re- 
trospective analysis of echocardiograms showing peri- 
cardial patterns not classic for pericardial effusion and 
originally interpreted as suggesting pericardial thick- 
ening. Such a study has several inherent weaknesses. 
Patients underwent direct cardiac visualization (surgery 
or autopsy) for a variety of reasons, and surgeons and 


TABLE | 


Occurrence of Other Echocardiographic Abnormalities in 
Patients With and Without Constriction 


Pericar- No 
dial Hemody- 
Constric- Effusive namic 
tion Constric- Evidence 
and No tive of Con- 
Effusion Disease striction 
(no. = 14) (no. = 10) (no. = 40) 
Flat left ventricular 9 1 4 
posterior wall motion 
IVS motion as described by 6 0 0 
Gibson et al. 
E-Fo slope (> 11.7 cm/sec) 6 1 0 
Low % fractional shortening 1 4 15 
(<28%) 


FS = fractional shortening; IVS = interventricular septal. 


TABLE Il 


The Clinical Diagnosis of 167 Patients With Pericardial 
Thickening 


no. of % 
Patients of Total 

Post heart surgery state 31 19 
Neoplasm 

With radiation to chest 24 14 

In mediastinum, without radiation 3 2 

Chronic renal failure with uremia 25 15 

Pericarditis (viral, bacterial, parasitic) 17 10 

Acute postmyocardial infarct state 14 8 

Connective tissue disease 12 7 

Rheumatic heart disease 7 4 

Cardiomyopathy 7 4 

Other * 5 3 

Unclassified 22 13 


*Recurrent pulmonary embolism, traumatic pericarditis, amyloidosis, 
atrial septal defect and malignant pericarditis occurred in one patient 
each. 
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pathologists did not attempt to describe specifically the 
appearance of the pericardium. Hence, 8 of the 49 pa- 


= tients with such an anatomic description had case rec- 


ords in which no comments were made about the ap- 
pearance of the pericardium. Among 96 patients with- 
out further cardiac evaluation, the clinical diagnoses 
and pathologic processes in the majority were compat- 
ible with assumed pericardial involvement. However, 
one cannot determine from our study how many pa- 
tients had a false positive echocardiographic reading of 
pericardial thickening or significant anatomic pericar- 
dial thickening without an echocardiographic reading 
of pericardial thickening. 

Not all the echocardiograms were recorded with 
specific attention focused upon the pericardium. A 
careful echocardiographic examination of the left ven- 
tricular cavity with intermittent appropriate damping 
maneuvers should be performed to evaluate the peri- 
cardium. In our experience reverberations behind the 
pericardium may mimic either pattern 1 or 2 of peri- 
cardial thickening (Fig. 2 and 10). This confusion is a 
result of the high energy long pulses that generate an 
artifact behind the parietal pericardium. This artifact 
is eliminated by using the damping maneuver, which 
provides less absolute energy and permits optimal vi- 
sualization of the individual echoes reflected from the 
posterior pericardium. However, reverberation still may 
occur behind a very strong parietal pericardial interface, 
even with the low energy short pulses. Therefore, we do 
not consider multiple low intensity echoes posterior to 
an intense parietal pericardial interface to represent 
parietal pericardial thickening (Fig. 2). 

When we tried to correlate anatomic findings with the 
echocardiographic patterns of pericardial thickening 
we found several incomplete surgical and pathologic 
reports. We selected the most descriptive and infor- 
mative notes characterizing the findings in patients with 
each of the seven echocardiographic patterns. 
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FIGURE 10. Echocardiogram demonstrating reverberations 
(R) posterior to the strong pericardial echo (P). The presumed 
reverberations can be seen both before and after the 
damping maneuver (arrows). This pattern is not considered 
representative of pericardial disease. Abbreviations as in 
Figure 3. 


Clinical significance of various echocardio- 
graphic patterns of pericardial thickening: The 
importance of defining one, two or seven patterns of 
pericardial thickening is not established, and it can be 
difficult to assign each echocardiogram to a specific 
pattern. The pattern may vary if various levels of the 
ventricle are recorded, just as patchy pericardial in- 
volvement may be seen anatomically. However, our 
study showed that these patterns usually mean ana- 
tomic pericardial thickening and adhesions and that 
they may help to identify the type of pericardial disease 
present. Use of these criteria in other laboratories may 
clarify the significance of this classification. 

In all cases indexed under constrictive disease in the 
computer patient data base pericardial thickening with 
or without pericardial effusion was identified in the 
echocardiogram. However, our series is too small to 
claim that all patients with pericardial constriction have 
a positive echocardiogram for pericardial thickening. 
The 24 cases of hemodynamically proved constrictive 
disease represented 14 percent of our total group of 167 
patients. Because our institution is a referral center, this 
prevalence rate of constrictive disease may be unusually 
high among patients with echocardiographic evidence 
of pericardial thickening. We found no diagnostic 
echocardiographic pattern of pericardial thickening for 
constrictive disease. Patterns 3 and 5, which included 
a thickened visceral pericardium and frequently in- 
cluded pericardial effusion, were more often seen in 
patients with effusive constrictive disease than in other 
groups. This finding supports the concept that the vis- 
ceral pericardium is a constrictive element along with 
the pericardial effusion in this subset of cases. 

Clinical value of other echocardiographic mea- 
surements: In patients without pericardial effusion, 
other echocardiographic measurements may help to 
suggest pericardial constriction. A flat left ventricular 
posterior wall after an early rapid posterior motion in 


` 


LI 
» 
Volume 42a ir | 
^ : = `a ue zx Jut Mei; NE CP UIS ro 


diastole occurred in more than half of the patients with 
constrictive pericarditis.? This finding may represent 
early rapid filling of the left ventricle; followed by re- 
striction to further filling. This sign is not specific be- 
cause it was noted also in patients with no hemodynamic 
evidence of constriction. 

The abnormal interventricular septal motion with a 
late diastolic anterior displacement did not occur in any 
patient without constriction and therefore may be a 
specific (but insensitive) sign of constriction.? A high 
E-Fo slope also occurred only in patients with con- 
striction or effusive constrictive disease; therefore its 
presence in combination with pericardial thickening 
suggests pericardial constriction. The atrial emptying 
index was not helpful, but the percent fractional 
shortening was more often normal than low in patients 
with constrictive pericarditis; the reverse was true in 
patients without constriction. Thus the appearance of 
pericardial thickening, characteristic left ventricular 
posterior wall and interventricular septal motion ab- 
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normalities and a high E-Fo slope, especially in a pa- 
tient without known cause of pericardial thickening, 
strongly suggests constrictive pericarditis. 

Clinical implications: Our present criteria for 
pericardial thickening on M mode echocardiography 
include several patterns that are consistent with peri- 
cardial thickening. It remains unknown whether ana- 
tomic pericardial thickening occurs without echocar- 
diographic evidence of pericardial thickening. Echo- 
cardiographic findings of pericardial thickening are not 
equivalent to constrictive pericarditis. Hemodynamic 
diagnosis of constrictive disease is associated with the 
echocardiographic finding of pericardial thickening, but 
there is no specific pattern of pericardial thickening 
pathognomonic of constrictive disease. Careful analysis 
of interventricular septal motion, left ventricular pos- 
terior wall motion and E-Fo slope in patients with 


suspected constriction can provide additional infor- - 


mation supporting the diagnosis of constrictive peri- 
carditis. 
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Hyperactivity of the carotid sinus reflex is common in older men. However, 
an unequivocal diagnosis of carotid sinus syncope is difficult to establish 
because the symptoms are nonspecific, and both hyperactivity of the 
carotid sinus reflex and syncope are common. Twenty-one men were 
evaluated for episodes of lightheadedness or syncope, or both, associated 
with a hypersensitive carotid sinus reflex. Seventeen patients had the 
cardioinhibitory type, two the vasodepressor type and two both the car- 
dioinhibitory and vasodepressor types. Patients with the cardioinhibitory 
type benefited from the insertion of a permanent pacemaker if they had 
multiple episodes of syncope. A history of syncope associated with some 
event capable of stimulating the carotid sinus was also helpful in selecting 
patients for pacemaker treatment. The combination of the cardioinhibitory 
and vasodepressor types may be missed unless carotid sinus stimulation 
is repeated after the administration of atropine. The results of electro- 
physiologic studies in 17 patients with the cardioinhibitory type suggest 
that intrinsic sinus nodal dysfunction is not the major cause for asystole 
after carotid sinus stimulation. 


The carotid sinus has an important role in the normal reflex regulation 
of heart rate anc peripheral vascular tone. An increase in intrasinusal 
tension produces a slowing of the heart rate and a decrease in systemic 
arterial blood pressure.! Mechanical stimulation of the carotid sinus in 
normal subjects results in a mild slowing of the heart rate and an insig- 
nificant decrease in arterial blood pressure.? Hyperactivity of the carotid 
sinus has been recognized and is associated with an exaggeration of the 


. normal response. In some persons the hemodynamic response to carotid 


stimulation is so pronounced that clinical symptoms of syncope and 
profound hypotension result. 

The hyperactive carotid sinus reflex is found in approximately one 
third of older men with coronary atherosclerotic and hypertensive heart 
disease.?-? Syncope or a transient clouding of consciousness without 
syncope is a common symptom in these patients. When spontaneous 
syncope and a hyperactive carotid sinus reflex coexist, it is tempting to 
assume that the hyperactive reflex is the cause of syncope. However, its 
presence may be coincidental because most patients with a hyperactive 


" carotid sinus reflex are asymptomatic.^^ It may be difficult to know 


whether the hyperactive reflex is responsible for the symptoms. 

There is a paucity of published information about the selection of 
patients for therapy directed toward the hyperactive reflex. Therefore, 
the present study was undertaken for the following purposes: (1) to ex- 
amine the clinical symptoms and response to treatment of patients with 
hyperactive carotid sinus reflex and syneope or near syncope, in an at- 
tempt to improve the accuracy of diagnosis; and (2) to assess sinoatrial 
nodal and atrioventricular (A-V) nodal function in these patients with _ 
atrial pacing and administration of intravenous atropine. 
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Methods 


Patients: From 1971 to 1976 patients seen by the Cardiol- 
ogy Services at the Atlanta Veterans Administration Hospital 
and Emory University Hospital for evaluation of syncope or 
near syncope of unknown cause were tested with external 
carotid sinus stimulation unless they had cerebral vascular 
disease or other contraindications to this procedure. 
‘Twenty-one men were considered to have hypertensive carotid 
sinus. The patients were considered to have syncope of un- 
known cause if the history, physical examination, resting 
electrocardiogram, neurologic consultation or, in 71 percent 
of cases, continuous 24 hour ambulatory electrocardiographic 
monitoring did not explain the symptoms. Eight of the nine 
patients with cardioinhibitory carotid sinus hypersensitivity 
experiencing only dizziness (Patients 10 to 18, Table I) had 
24 hour ambulatory electrocardiographic monitoring. Digi- 
talis, propranolol and other drugs known to affect sinoatrial 
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TABLE | 
Clinical Features of 21 Patients 
Type 
Case Age of Symptoms; Associated 
no. (y) CSH Inciting Events Disease ECG 
1 66 Cl Multiple syncope; CASHD LAD 
micturition 
2 63 Cl Multiple syncope CASHD, DM ST-T 
3 47 Cl Multiple syncope: CASHD, SAH LAD 
shaving 
4 60° Gl Multiple syncope; WNL 
sneezing, head 
turning 
5 63 CI Multiple syncope; CASHD IMI 
shaving 
6 57 Cl Multiple syncope Hyperthyroid 1° A-V 
treatment block 
7 63 CI Multiple syncope; CASHD LVH 
looking up 
8 47 CI Multiple syncope; CASHD, SAH IMI 
shaving 
9 51 Cl, Multiple syncope; CASHD IMI 
VD neck pressure 
10 65 Cl Dizziness CASHD IMI 
11 47 CI Dizziness CASHD, SAH IMI 
12 75 Cl Syncope (1 epi- CASHD LAD 
sode); 
dizziness 
13 60 CI Dizziness CASHD, SAH IMI 
14 84 Cl Postural collapse; SAH LVH 
no syncope 
15 54 CI Fading out; CASHD, DM IMI 
no syncope 
16 62 Cl Dizziness CASHD, DM, IMI, 
SAH LVH 
17 68 CI Dizziness; CASHD, SAH LBBB 
head turning 
18 76: «Cl Dizziness DM WNL 
19 64 VD Dizziness; SAH WNL 
neck extension 
20 76 CI, Dizziness with Mitral 19 A-V 
VD exercise regurgitation block 
21 59 VD Multiple syncope; Aortic WNL 
head turning; stenosis 
tight collar 
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nodal function were discontinued 1 week before carotid sinus 
stimulation. | 


Carotid sinus stimulation: This was performed initially 
with the patient supine and was repeated with the patient 
sitting and standing when vasodepressor syncope was sus- 
pected. The carotid sinus was massaged gently for approxi- 
mately 5 seconds, first on one side and then on the other, while 
an electrocardiogram was recorded and blood pressure mon- 
itored. If there was no response, manual pressure was in- 
creased for an additional 5 seconds. Cardioinhibitory carotid 
sinus hypersensitivity was defined as ventricular asystole for 
more than 3 seconds during carotid sinus stimulation. This 
definition was proposed by Franke? and is accepted by others.? 
The vasodepressor type of carotid sinus hypersensitivity was 
considered to exist when there was a decrease in systolic blood 
pressure of 50 mm Hg or greater with no associated cardiac 
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slowing, or when the decrease in systolic blood pressure was — 


Clinical 
CSS (sec) Treatment Observation (mo.) 
R,4 Pacemaker No syncope or 
asystole dizziness (8) 
L,3.1 Pacemaker No syncope or 
asystole dizziness (24) 
R,3.5 Pacemaker No syncope or 
asystole dizziness (45) 
R,3.1 Pacemaker No syncope or 
asystole dizziness (41) 
L,6 Pacemaker No syncope, rare 
asystole dizziness (7) 
R,3.8 Pacemaker No syncope or 
asystole dizziness (27) 
R,3.4 Pacemaker No syncope, rare 
asystole dizziness (26) 
| Pacemaker No syncope or 
asystole dizziness (12) 
R,3.6 Pacemaker Syncope (1 episode), 
asystole BP decrease with CSS (5) 
L,3.7 Dizziness and visual 
asystole blurring, VBI (57) 
R,3.3 A No syncope (24) 
asystole 
L,3.7 Dizziness, VBI (2) 
CHB 
R,5.4 No syncope (39) 
asystole 
L,5.4 No syncope (12) 
asystole 
L,6.1 No syncope, 
asystole transient confusion, 
normal pulse, BP (48) 
R,6 No syncope (50) 
asystole 
: Lost to follow-up 
asystole 
: Lost to follow-up 
* asystole 
Decrease in Stop all Episodes less 
medication frequent (12) 
R,6 Pacemaker, Orthostatic 
asystole mineralo- dizziness controlled 
corticoid by mineralocorticoid (21) 
Decrease in Pacemaker, No syncope for 61 mo 
irradiation postirradiation (89) 


A-V = atrioventricular; BP = blood pressure; CASHD = coronary atherosclerotic heart disease; CHB = complete heart block; Cl = cardioinhibitory; 


CSH = carotid sinus hypersensitivity; CSS = carotid sinus stimulation; DM = diabetes mellitus; IMI = inferior myocardial infarction; L = left; LAD 


= left axis deviation; LBBB = left bundle branch block; LVH = left ventricular hypertropy; R = right; SAH = systemic arterial hypertension; ST-T 
= ST-T wave change; VBI = vertebral basilar arterial insufficiency; VD = vasodepressor; WNL = within normal limits. 
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greater than 30 mm Hg and the patient's symptoms were re- 
produced.? 

Electrophysiologic study: This was performed in 17 pa- 
tients with cardioinhibitory carotid sinus hypersensitivity. 
Informed consent was obtained. The patients were studied 
in the resting nonsedated state. At the time of study, all car- 
dioactive drugs had been discontinued for at least 1 week. A 
bipolar electrocatheter was passed under fluoroscopic control 
by way of an antecubital vein into the right atrium and posi- 
tioned so that the electrodes were at the junction of the right 
atrium and superior vena cava. Atrial pacing was begun at a 
rate of 10 beats/min faster than the spontaneous sinus rate 
and was increased every 2 minutes by increments of 10 
beats/min until a rate of 150 beats/min was achieved. His 
bundle electrograms were obtained with the technique of 
Sherlag et al. in six patients. After the studies, 1 mg of atro- 
pine sulfate was administered intravenously in 14 patients, 
and carotid sinus stimulation was repeated in the same 
manner. 

At the rate of maximal suppression, the sinus nodal recovery 
time was measured from the last atrial paced beat to the fol- 
lowing sinus beat. Secondary pauses after the termination of 
rapid atrial pacing were measured if these pauses exceeded 
the length of the first escape cycle (one patient). The corrected 
sinus recovery time was obtained by subtracting the sponta- 
neous sinus cycle length before pacing (average 10 cycles) from 
the sinus nodal recovery time. The corrected sinus recovery 
time was considered abnormal if the interval exceeded 525 
msec.’ Atrioventricular (A-V) nodal conduction was consid- 
ered abnormal if second degree A-V block occurred at pacing 
rates of less than 130 beats/min.? 


Results 


Clinical features: The 21 men evaluated for episodes 
of lightheadedness or syncope associated with carotid 
sinus hypersensitivity ranged in age from 47 to 84 years 
(mean 62) (Table I). Seventeen patients had the car- 
dioinhibitory type of hypersensitive carotid sinus reflex, 
two the vasodepressor form and two both the car- 
dioinhibitory and vasodepressor types. Most of the 21 
patients had heart disease; 14 had coronary athero- 
sclerotic heart disease, diagnosed from a history of an- 
gina pectoris (14 patients), prior myocardial infarction 
(9 patients) or coronary arteriography (4 patients). 
Three patients had had coronary bypass surgery. Only 
two men had no clinical evidence of associated organic 
heart disease, but neither had had cardiac catheteriza- 
tion or coronary arteriography. Electrocardiographic 
evidence of prior inferior myocardial infarction was 
found in 8 of the 14 patients with coronary atheroscle- 
rotic heart disease. No patient had documented spon- 
taneous sinoatrial block. The one patient with parox- 
ysmal atrial tachyarrhythmia had been treated for hy- 
perthyroidism 24 years earlier but was euthyroid at the 
time of examination. 

Cardioinhibitory type with syncope: Patients 1 to 
9 (Table I) with the cardioinhibitory type each had had 
five or more episodes of syncope and also numerous 
episodes of near syncope. Their symptoms occurred 
when they were sitting or standing and never while re- 
cumbent. Seven of these nine patients recalled some 
event that may have been important in precipitating 
syncope. À history of hyperextension of the neck when 
shaving, looking at the sky, head turning or head turning 
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on backing up in a motor vehicle, local pressure on the 
neck, micturition or sneezing suggested possible pre- 
cipitating factors. These possible causal factors pre- 
ceded only the minority of episodes, and in some in- 
stances the history of these events was obtained only 
after repeated questioning. A history of a precipitating 
event was not obtained in two patients who could not 
remember events prior to syncope. 

Three patients had syncope while driving. One of 
these patients had several serious accidents while 
backing up his truck. Two patients had postsyncopal 
chest pain typical of myocardial ischemia. One patient 
had a marked increase in frequency of syncope while 
taking propranolol. 

The duration of symptoms before the demonstration 
of carotid sinus hypersensitivity in these nine patients 
was 1 to 46 months (mean 17 months). Three patients 
were followed up for 8, 26 and 48 months before pace- 
maker implantation. Tincture of belladonna was tried 
in all three but was beneficial only temporarily. Serious 
side effects, including visual blurring and urinary re- 
tention, necessitated stopping the drug or reducing the 
dose to a level that no longer prevented symptoms. 
During the observation period before pacemaker in- 
sertion, two patients were asymptomatic for 16 and 37 
months, respectively, but both had later recurrence of 
multiple episodes of syncope. 

Patients 1 to 9 were treated with a demand cardiac 
pacemaker: These patients have been followed up for 
5 to 45 months (mean 22) since pacemaker implanta- 
tion. Syncope has not recurred in eight of the nine pa- 
tients. Patient 9 had a single episode of syncope while 
eating breakfast 4 months after pacemaker insertion. 
Evaluation at that time showed the pacemaker to be 
functioning normally. The systemic arterial blood 
pressure was 120/82 mm Hg in the sitting position, but 
decreased to 80/70 mm Hg with gentle right carotid 
stimulation. During stimulation the pacemaker rate was 
unaltered at 70 beats/min. The patient noted transient 
dizziness coincident with the decrease in blood pressure. 
He appears to have both cardioinhibitory and vaso- 
depressor hypersensitivity and, if his symptoms con- 
tinue, further therapy will be necessary. Although 
syncope has not recurred since pacemaker insertion, two 
of these patients have occasional episodes of light- 
headedness while standing. Orthostatic hypotension 
appears to be the cause of symptoms in one patient and 
the cause is unknown in the other. 

Three of the nine patients had significant compli- 
cations related to the insertion of a permanent cardiac 
pacemaker. One patient had a perioperative subendo- 
cardial myocardial infarction, one had the postperi- 
cardiotomy syndrome and required hospitalization for 
treatment of a large pericardial effusion and one had a 
perioperative myocardial infarction when the pace- 
maker was implanted at the time of coronary bypass 
surgery. 

Cardioinhibitory type without syncope: Patients 
10 to 18 (Table I) did not have syncope (except for a 
single episode in one man) but had a spectrum of com- 
plaints involving transient clouding of consciousness. 
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Unlike most of the patients requiring pacemaker ther- 
apy, only one of these nine patients could recall a pre- 
cipitating event capable of stimulating the carotid sinus. 
Seven of these nine patients have been followed up for 
an average of 33 months, and none have experienced 
syncopal episodes. During the follow-up period a neu- 
rologic consultant diagnosed vertebral basilar arterial 
insufficiency in addition to carotid sinus sensitivity in 
two patients; the symptoms typical of the insufficiency 
were not apparent from the initial evaluation. Five pa- 
tients have noted a decrease or disappearance of their 
symptoms, for which no satisfactory explanation was 
found. 

Vasodepressor or mixed type: Patients 19, 20 and 
21 have vasodepressor or both vasodepressor and car- 
dioinhibitory carotid hypersensitivity; they will be 
discussed individually. 

Patient 19: For the preceding 5 years, this 64 year old man 
had experienced dizziness without complete loss of con- 
sciousness when he extended his neck and lifted his arms to 
place articles on shelves in a warehouse. At the time of the 
initial examination, he was taking hydralazine, 40 mg/day, for 
arterial hypertension. The maximal pause ever recorded on 
his electrocardiogram during carotid sinus stimulation was 
1.4 seconds. The recumbent blood pressure was 140/80 mm 
Hg and decreased to 125/70 mm Hg on standing. During right 
carotid sinus stimulation, the blood pressure decreased to 
80/60 mm Hg during sitting and 70/50 during standing, and 
the patient’s spontaneous symptoms were reproduced. On 
repeat testing after discontinuation of hydralazine, blood 
pressure was 150/82 mm Hg while he was recumbent, 130/80 
during standing and 98/80 during standing with right carotid 
sinus stimulation. The patient had no symptoms when blood 
pressure was 98/80 mm Hg. During the past year the patient 
continued to have symptoms at work, but they occurred less 
frequently. In the future more definitive therapy may be 
needed. The reflex decrease in systolic blood pressure did not 
exceed 50 mm Hg when all medications were discontinued and 
therefore did not meet the criteria proposed by Franke?; 
however, the vasodepressor response to carotid stimulation 
probably played a major role in the genesis of this patient’s 
symptoms. 

Patient 20: This 76 year old man with both cardioinhibitory 
and vasodepressor carotid sinus hypersensitivity was first seen 
because of three episodes of dizziness with near syncope 
during exercise. The blood pressure was 150/70 mm Hg with 
the patient recumbent and 140/70 while he was sitting. Right 
carotid sinus stimulation produced a 6 second period of asys- 
tole. A permanent demand pacemaker was inserted. One 
month later, the patient complained of dizziness while walk- 
ing. Blood pressure was 120/80 mm Hg in the recumbent and 
standing positions, respectively. Right carotid sinus stimu- 
lation performed with the patient seated resulted in a decrease 
in blood pressure to 80/60 mm Hg with a pacemaker-driven 
heart rate of 71 beats/min. The patient’s symptoms of dizzi- 
ness were duplicated during right carotid sinus stimulation. 
He was given fludrocortisone (Florinef®) acetate, 0.1 mg/day, 
and has been free of dizziness for 1 year, except for a few weeks 
when the medication was inadvertently discontinued. The 
fludrocortisone acetate increased the blood pressure to 
160/100 and 150/100 mm Hg in the recumbent and standing 
position, respectively. | 

Patient 21: This 59 year old school teacher experienced 
syncope when he turned his head to look at the back of his 
classroom. He had stopped wearing neckties because he as- 
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sociated wearing a tight collar with spells of dizziness. A per- 
manent demand pacemaker had been inserted 9 months 
earlier because of three syncopal attacks that were assumed 
to be secondary to a bradyarrhythmia. Asystole had not been 
documented, however, and carotid sinus stimulation was not 
performed before the pacemaker insertion. The pacemaker 
was found to be functioning normally. Aortic valve stenosis 
of mild to moderate severity was detected. Bilateral carotid 
arteriograms were normal. Blood pressure was 130/80 mm Hg 
in the standing position. During right carotid sinus stimulation 
Korotkoff sounds could not be heard, and presyncopal 
symptoms developed. The patient was advised not to wear 
tight collars or turn his head abruptly, but syncopal episodes 
continued, some associated with singing or head turning. 
Radiation therapy to a tissue dose of 900 roentgens was ad- 
ministered to both the right and the left carotid sinus. One 
year after the radiation therapy, the patient’s symptoms re- 
curred. Syncope was induced by head turning but not by ex- 
ercise. Right carotid stimulation performed with the patient 
seated produced a decrease in systolic blood pressure from 130 
to 82 mm Hg, and the patient became dizzy. There was no 
change in systolic blood pressure during left carotid stimu- 
lation. The right carotid sinus was again radiated, with a tissue 
dose of 1,200 roentgens yielding a total dose to the right ca- 
rotid sinus of 2,100 roentgens. Over the ensuing 5 years, the 
patient has had no syncope or near syncope, and right or left 
carotid sinus stimulation does not alter blood pressure. 

Two years after the second course of radiation therapy, the 
patient had congestive heart failure due to aortic stenosis. 
Cardiac catheterization confirmed the presence of severe 
aortic stenosis and demonstrated normal coronary arteries. 
The stenotic aortic valve was replaced. Although the presence 
of aortic stenosis surely decreased the patient’s ability to 
compensate for decrease in peripheral arterial resistance in- 
duced by the carotid sinus reflex, the valve lesion was probably 
not the major cause of syncope because: (1) syncope was in- 
cited by head turning and carotid sinus stimulation rather 
than by exercise, and (2) the symptoms were abolished by the 
carotid sinus radiation a full 2 years before the replacement 
of the stenotic aortic valve. 


Electrophysiologic studies: In the 17 patients with 
cardioinhibitory hypersensitive carotid sinus reflex, the 
corrected sinus nodal recovery time was less than 525 
msec in 14 patients and greater than 525 msec in 3 pa- 
tients (Table II). The rate of atrial pacing that produced 
maximal sinoatrial nodal suppression varied from 76 to 
150 beats/min. Of the eight patients treated successfully 
with pacemakers who consented to be studied, seven 
had a normal and one a prolonged corrected sinus nodal 
recovery time. The single patient with prolonged re- 
covery time had sinus bradycardia and paroxysmal 
atrial fibrillation and flutter. Atrioventricular Wenck- 
ebach periods developed at a paced atrial rate greater 
than 130 beats/min in 13 patients and less than 130 
beats/min in 3. After the administration of 1 mg of at- 
ropine, 1:1 A-V conduction was present at a pacing rate 
of 140 beats/min or less in the later three patients. 

His bundle recordings were obtained in six patients. 
The H-V intervals were 55 msec or less, and the A-H 
intervals ranged from 65 to 90 msec. The effect of 1 mg 
of atropine on corrected sinus nodal recovery time was 
studied in two of the three patients with prolonged re- 
covery time. The recovery time was normal in one pa- 
tient and could not be determined in the second patient 
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TABLE Il 
Results of Physiologic Studies 
Paced Rate at Rate of A-V 
Resting Sinus Nodal Connected Sinus Maximal Sinus Rate Heart Rate Wenckebach 
Case Sinus Rate Reovery Time Recovery Time Suppression Before Atropine After Atropine Conduction 
no. (beats/min) (msec) (msec) (beats/min) (beats/min) (beats/min) (beats/min) 
1 70 920 60 130 a ote > 130 z 
2 86 880 182 150 69 120 >150 
3 67 1090 190 123 77 98 >150 
4 60 1280 280 120 58 79 >130 
5 80 1040 290 143 79 88 >140 
6 48 1900 650 90 46 58 >130 
7 57 1550 490 145 70 75 105 
8 81 860 120 97, 79 88 >150 
150 
10 58 1560 530 76 60 114 94 
11 76 1040 250 105 GAN dvi > 138 
12 78 1180 410 90 69 109 > 140 
13 60 1150 150 138 75 100 138 
14 56 1850 780 148 56 88 > 140 
2530 1460 (junctional) 
(beat #2) 
15 80 130 380 144 76 92 >145 
16 77 1150 370 133 60 75 P. 
(junctional) 
17 80 1080 330 143 80 0 2143 
18 60 1240 240 107 T 107 





A-V - atrioventricular. 


because the postpacing pause was terminated by an A-V 
junctional beat. 

Atropine (1 mg) was given to 14 patients. The post- 
atropine pulse rate was less than 90 beats/min in seven 
patients (five with sinus rhythm and two with A-V 
junctional rhythm), and in the other seven patients the 
sinus rate was 90 beats/min or greater. 


Discussion 
Cardioinhibitory Type 


Precipitating causes of syncope: Our results in 
patients with the cardioinhibitory type of carotid sinus 
hypersensitivity suggest that the patient's history may 
be of value in selecting candidates for aggressive ther- 
apy. Allof our patients whose syncope was abolished by 
a cardiac pacemaker had multiple syncopal episodes 
and many additional episodes of near syncope. These 
symptoms always occurred when the patient was 
standing or seated. Most patients could recall a pre- 
cipitating event associated with episodes of syncope, 
although the majority of syncopal episodes were not 
initiated by a trigger mechanism. A few patients were 
unable to give a history of a precipitating event because 
they were unable to remember events before the epi- 
sode. Most of the factors that produced syncope were 
maneuvers inducing direct pressure or tension on the 
carotid sinus. It should be noted that head turning or 
neck extension may produce, in addition to carotid sinus 
stimulation, mechanical impairment of blood flow 
through the vertebral arteries.? Activities other than 
those that produce extravascular stimulation of the 
carotid sinus region can induce clinical symptoms in 
certain predisposed persons. In some patients coughing, 
sneezing and straining at stool have induced sponta- 


neous syncope. ^1? Syncope associated with micturition 
and intense sneezing was noted in our series. 

Reproducibility of symptoms by carotid sinus 
stimulation: The need to reproduce the exact symp- 
toms with carotid sinus massage before instituting 
treatment is controversial.?:103! In most of our patients 
we were unable to reproduce an identical symptom 
complex with carotid sinus stimulation. All patients 
noted dizziness during the period of asystole; however, 
a complete loss of consciousness occurred in only one 
patient, probably because carotid sinus stimulation was 
performed with the patient recumbent and was stopped 
when a pause was noted in the electrocardiogram. The 
additional information that might be obtained by 
having the patient sit or stand during manual stimula- 
tion of the carotid sinus or by continuing stimulation 
until syncope occurs, may not justify the risk of inducing 
serious cerebral or cardiac ischemia. In addition, in some 
patients with no spontaneous symptoms the carotid 
sinus may be sensitive and massage may precipitate 
unconsciousness. 

Natural history: Little is known about the natural 
history of the cardioinhibitory form of hypersensitivity. 
Because Patients 1 to 9 had had symptoms an average 
of 17 months before examination and three patients 
were followed up before pacemaker insertion, we ob- 
served the clinical course of these patients for a con- 
siderable period of time. In general, the frequency of 
spontaneous syncope seemed to wax and wane, and 
some patients were free of symptoms for more than a 
year. We were unable to detect any factors such as 
variation in the severity of angina pectoris or hyper- 
tension to account for the variability in spontaneous 


attacks. However, syncope did recur and no patient had _ 


a permanent resolution of his symptoms without defi- 
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nite treatment. During symptom-free periods, the re- 
sponse to carotid sinus stimulation was sometimes 
normal. Fluctuation in carotid sinus sensitivity has been 
noted by others.?.10 

Patients without syncope: In the patients with 
episodes of clouding of consciousness rather than syn- 
cope, a history of precipitating factors was rarely ob- 
tained on the initial or follow-up visits. In seven of the 
nine patients followed up for an average of 33 months 
syncope did not develop. Follow-up examination, in- 
cluding a repeat history, supine and standing blood 
pressure measurements and treadmill exercise testing, 
was useful in establishing a diagnosis in a few patients. 
Occasionally a patient's symptoms disappeared spon- 
taneously, although in others they continued but defied 
explanation. Hypersensitivity of the carotid sinus reflex 
may have contributed to symptoms in these patients 
without true syncope, but it was probably not a major 
factor. 


Vasodepressor or Mixed Type 


The effects of carotid sinus stimulation on the heart 
and the peripheral vasculature appear to be indepen- 
dent of each other.!? Atropine abolishes slowing of the 
heart rate but does not prevent a decrease in systemic 
blood pressure.^:1?.? The decrease in blood pressure 
results from inhibition of sympathetic vasoconstrictor 
nerves and possibly activation of cholinergic sympa- 
thetic vasodilator fibers.! Epinephrine administered 
parenterally may prevent the hypotension.? The clinical 
symptoms of the vasodepressor type are the same as 
those occurring in the cardioinhibitory form, but the 
episodes may be extended in the vasodepressor form 
because the decrease in blood pressure generally lasts 
longer than the bradycardia.':!? 

Patients having vasodepressor or both cardioinhibi- 
tory and vasodepressor hypersensitivity are especially 
challenging. Although one review! of the hyperactive 
carotid sinus reflex states that various reflex types often 
occur in the mixed form, it is difficult to find published 
examples of such patients. Two patients in our group 
appear to demonstrate both vasodepressor and car- 
dioinhibitory types. 

The definition for the vasodepressor type of hyper- 
active reflex proposed by Franke? is a decrease in sys- 
tolic blood pressure of 50 mm Hg or greater. The systolic 
blood pressure did not always decrease 50 mm Hg or 
more in our patients with the vasodepressor type, but 
symptoms were reproduced in all patients. The response 
may have been blunted because blood pressure was 
determined in the sitting position in two patients and 
carotid stimulation was terminated on the appearance 
of symptoms. However, it appears that vasodepressor 
hypersensitive carotid sinus reflex was important in the 
genesis of symptoms in our patients. 

Diagnosis of vasodepressor type in presence of 
cardioinhibitory type: It is distressing to find patients 
who continue to have syncope or near syncope after 
pacemaker treatment for cardioinhibitory caroti 1 sinus 
hypersensitivity. It is possible that the carotid ayper- 
` sensitivity and syncope are unrelated and that tk + cause 
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of the syncope has been missed. A second possibility is 
that the patient has both the cardioinhibitory and va- 
sodepressor types of carotid hypersensitivity and that, 
despite the prevention of bradycardia by the pace- 
maker, the reflex decrease in blood pressure continues 
to produce symptoms. This combination appears with 
sufficient frequency to warrant screening for the vaso- 
depressor type in all patients with the cardioinhibitory 
form. If carotid sinus stimulation provokes cardiac 
asystole for longer than 3 seconds, 1 mg of atropine 
should be given intravenously, and the carotid sinus 
stimulation should be repeated within 5 minutes with 
the patient seated. If retesting results in a decrease in 
blood pressure despite the maintenance of a normal 
heart rate, the patient may be assumed to have vaso- 
depressor as well as cardioinhibitory carotid sinus hy- 
persensitivity. 


Treatment 


Indications for treatment: A hyperactive carotid 
sinus reflex that does not cause symptoms requires no 
treatment. The question of therapy occurs when a pa- 
tient has repeated episodes of syncope or near syncope, 
and the common causes of syncope have been excluded. 
If the patient is taking any drug that affects cardiac 
pacemaker activity or the capacitance or resistance 
vessels, therapeutic decisions should be deferred and 
carotid sinus stimulation repeated when the effects of 
the drug have dissipated. Digitalis was demonstrated 
to increase carotid sinus neural discharge for a given 
change in carotid sinus pressure.!^ We saw one patient, 
not included in this report, who had syncope and a 3.4 
second sinus pause with carotid sinus stimulation only 
while taking propranolol. The hyperactive carotid reflex 
and symptoms of syncope disappeared when propran- 
olol was discontinued. Drugs that decrease intravascular 
blood volume or peripheral arterial resistance or that 
increase venous capacitance may enhance the hypo- 
tensive response to carotid stimulation in a patient with 
the vasodepressor type of hyperactive carotid sinus 
reflex. 

Patients with cardioinhibitory hypersensitivity who 
have repeated spontaneous episodes of syncope should 
be treated. If syncope is precipitated by a maneuver that 
produces mechanical stimulation of carotid arteries or 
by a vagal reflex activated from some other site, a re- 
flexly induced cardiac asystole is probably responsible 
for the symptoms. Observations in several of our pa- 
tients suggest that spontaneous syncope may disappear 
for months or even a year but often recurs later. The 
long-term follow-up of more patients is necessary to 
determine whether these findings represent the natural 
history of cardioinhibitory hypersensitivity. The risk 
of syncope while driving a vehicle or working in certain 
situations usually necessitates treatment whenever the 
diagnosis is fairly certain. Patients who have episodes 
of clouding of consciousness without a known inciting 
event can, according to our experience, be followed up 
without therapy. 

Cardiac pacemaker implantation: The preferred 
treatment for cardioinhibitory induced syncope is im- 
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plantation of a demand cardiac pacemaker. Pacemaker 
treatment is highly successful, and the results are su- 
perior to those reported in any other form of thera- 
py.L1913,1516 Only about two thirds of patients are free 
of symptoms after radiation therapy or surgical dener- 
vation of the carotid sinus.!!6 Large doses of anticho- 
linergic drugs are often poorly tolerated and may not 
abolish symptoms.!® 

Treatment of vasodepressor or mixed types: The 
best treatment for vasodepressor or mixed vasode- 
pressor and cardioinhibitory carotid hypersensitivity 
remains to be established. Some milder cases of the 
vasodepressor form may respond to simple measures, 
such as increasing blood volume with mineralocorti- 
coids. Severe vasodepressor or mixed vasodepressor 
cardioinhibitory may require treatment with either 
radiation therapy or surgical denervation of the carotid 
sinus. In one of our patients, a total tissue dose of 2,100 
roentgens was required to abolish the reflex decrease in 
blood pressure. This dose is substantially higher than 
that recommended previously.!6 Carotid sinus dener- 
vation with periarterial stripping or the use of electrical 
nerve stimulation to facilitate the search for sensitive 
areas on the carotid sinus and surrounding nerves may 
improve the results of surgical therapy.!7"1® 


Electrophysiology 


Some authors!?29 consider carotid sinus hypersen- 
sitivity to be part of the “sick sinus node" syndrome. 
Our results and those of others!! suggest that carotid 
sinus hypersensitivity and sick sinus syndrome are 
separable entities but that both may occur in the same 
patient. In contrast to patients with the sick sinus 
syndrome, only one of our patients had paroxysmal 
atrial tachyarrhythmia alternating with sinus brady- 
cardia (bradycardia-tachycardia syndrome), and no 
patient had electrocardiographic documentation of type 
I or II sinoatrial block. 

Sinus nodal function: Only 3 of our 17 patients (18 
percent) with the cardioinhibitory type of hypersensi- 
tivity had a corrected sinus nodal recovery time greater 
than 525 msec. One of these three patients had abnor- 
mal prolongation of a cycle after the first postpacing 
cycle. Although electrophysiologic testing of sinus nodal 
function by atrial pacing with determination of cor- 
rected sinus nodal recovery time is not a definitive test 
for separating normal from abnormal sinus nodal 
function, the incidence rate (18 percent) in our patients 
of a prolonged corrected sinus nodal recovery time or 
secondary postpacing pauses was considerably less than 
the rate reported in patients with symptomatic sinus 
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nodal dysfunction.?^2? Rosen et al.8 reported a high 
incidence rate of A-V conduction defects in patients 
with sinus nodal dysfunction. Atrioventricular con- 
duction appeared normal in 81 percent of our patients. 
'The results of sinus nodal recovery time in our patients 
were of little value in selecting patients for pacemaker 
therapy. 

Pathophysiology: The pathophysiology of car- 
dioinhibitory hypersensitivity and the site from which 
it arises are unknown. The carotid sinus receptors or 
reflex afferents, the autonomic centers of the brain stem 
and the efferent limb of the reflex arc have all been 
proposed as sites of hypersensitivity.?-?127? A combi- 
nation of abnormalities at multiple sites is also possible. 
Changes in the efferent limb of the reflex have received 
the greatest attention because a hypersensitive carotid 
sinus reflex is commonly associated with organic heart 
disease. The cardioinhibitory response to carotid sinus 
stimulation was demonstrated to increase in experi- 
mental animals by myocardial hypoxia and chronically 
studied unilateral vagotomy.??^ Chronically, vagotomy 
may increase sensitivity to acetylcholine because of 
degeneration of postganglionic fibers.”4 

Events in the heart that account for prolonged 
asystole have not been determined. Our data suggest 
that a disorder of sinus nodal automaticity or sinoatrial 
conduction is not the major reason for asystole. The 
corrected sinus nodal recovery time was normal in 82 
percent of the patients with the cardioinhibitory type 
of carotid sinus hypersensitivity in our series and in that 
reported on by Hartzler and Maloney." 

Increased vagal tone is a more likely explanation, 
with several possible mechanisms in effect: (1) a high 
level of resting vagal tone, (2) hyperresponsiveness to 
acetylcholine, (3) excessive release of acetylcholine, and 
(4) inadequate cholinesterase activity. A high level of 
resting vagal tone seems unlikely because atropine did 
not produce an excessive increase in pulse rate. The 
heart rate remained less than 90 beats/min in 50 percent 
of our tested patients. Hyperresponsiveness to acetyl- 
choline is another possibility.2° The release of acetyl- 
choline induced by electrical stimulation during rapid 
atrial pacing plays a major role in overdrive suppression 
of atrial pacemakers.?6 If the sinus node were hyper- 
responsive to acetylcholine, rapid atrial pacing might 
produce a prolonged pause. However, the fact that sinus 
nodal recovery times were normal in 14 of our 17 pa- 
tients (82 percent) may invalidate this proposed 
mechanism. Other suggested explanations for prolonged 
asystole are an excessive release of acetylcholine or in- 
adequate cholinesterase activity after carotid sinus 
stimulation.?» 
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Of 42 patients with supraventricular tachycardia related to dual atrio- 
ventricular (A-V) nodal pathway conduction, 8 had sustained tachycardia 
induced during programmed ventricular stimulation. The characteristics 
of the tachycardia in three patients suggested that the A-V nodal reentrant 
tachycardia used a slow pathway for anterograde conduction and a fast 
pathway for retrograde conduction (slow-fast form). In these patients, 
the retrograde effective refractory period was longer in the slow than in 
the fast pathway. Ventriculoatrial (V-A) conduction curves (V4-V2, A41-A2) 
were smooth. Ventricular premature beats, being conducted retrograde 
over the fast pathway, could activate the slow pathway in an anterograde 
direction, initiating the slow-fast form of A-V nodal reentrant tachycardia. 
In the remaining five patients, the tachycardia used a fast pathway for 
anterograde conduction and a slow pathway for retrograde conduction 
(fast-slow form). In these patients, the retrograde effective refractory 
period was longer in the fast than in the slow pathway. V-A conduction 
curves (V4-V5, A4-A;) could be either smooth or discontinuous if there 
was a sudden increase in V-A conduction time. Ventricular premature 
beats, conducted retrograde over the slow pathway, could activate the 
fast pathway in an anterograde direction, establishing a tachycardia circuit 
in reverse of the slow-fast form. In both groups of patients, the ventricular 
pacing cycle length appeared to be a crucial factor in the ability to expose 
functional discordance between the two A-V nodal pathways during ret- 
rograde conduction. 

The fast-slow *orm of A-V nodal reentrant tachycardia, similar to the 
slow-fast form, could also be induced during atrial premature stimulation 
in two patients. In this situation, the slow pathway having an anterograde 
effective refractory period longer, than that of the fast pathway was a 
requisite condition; anterograde A-V nodal conduction curves (A4-A;, 
H.-H.) were smooth. Atrial premature beats, conducted anterograde over 
the fast pathway, could activate the slow pathway in a retrograde direction 
resulting in an atrial echo or sustained fast-slow form of A-V nodal reen- 
trant tachycardia. 


Recent electrophysiologic studies!“ have suggested that atrioventric- 
ular (A-V) nodal reentry, related to the presence of dual A-V nodal 
pathways, is frequently responsible for the occurrence of paroxysmal 
supraventricular tachycardia in man. Using the techniques of intra- 
cardiac recordings and programmed atrial premature stimulation, most 
studies describe the induction of an atrial echo or A-V nodal reentrant 
tachycardia in association with characteristic discontinuous A-V nodal 
conduction curves (A1-A», H,-H;).?-99-14 In contrast, limited information 
is available concerning the mechanisms of retrograde initiation of A-V 
nodal reentrant tachycardia during programmed ventricular stimulation ' 
in patients with dual A-V nodal pathways.15-18 


404 September 1978 The American Journal of CARDIOLOGY Volume 42 , J 






During the study of eight patients with supraven- 
tricular tachycardia, two distinct forms of A-V nodal 
reentrant tachycardia were elicited during programmed 
ventricular stimulation; their initiation depended on 
differences in the electrophysiologic properties of fast 
and slow A-V nodal pathways during retrograde con- 
duction. 


Patients and Methods 


Patients: Data of all patients studied in the electrophysi- 
ologic laboratories of Jackson Memorial Hospital and the 
Veterans Administration Hospital, Miami, Florida between 
July 1974 and June 1977 were reviewed. The following ob- 
servations suggested the presence of dual A-V nodal pathways: 
(1) induction of discontinuous A-V nodal conduction curves 
(A1-A», H1-H2) during programmed atrial premature stimu- 
lation?-99-14: or (2) induction of discontinuous ventriculoatrial 
conduction curves (V4-V», A;-A5) during programmed ven- 
tricular premature stimulation!® 18-29; or both (1) and (2). 
Patients with manifest or concealed accessory A-V bypass 
tracts!52L2? were excluded. Forty-two patients with episodes 
of supraventricular tachycardia were determined to have dual 
A-V nodal pathway conduction; in eight of these, sustained 
(non self-terminating) A-V nodal reentrant tachycardia could 
be elicited during programmed ventricular stimulation. These 
eight patients constituted the study population. Their ages 
ranged from 21 to 64 (mean 38.4) years. 

Protocol: After the patients gave informed consent, all 
cardiotonic and antiarrhythmic medications were discontin- 
ued 48 to 72 hours before the study. The study was performed 
with patients in a postabsorptive nonsedated state. With a 
conventional technique,?? the His bundle electrogram was 
obtained with a tripolar electrode catheter placed across the 
tricuspid valve, from which low septal right atrial activity was 
recorded as well. A hexapolar electrode catheter was intro- 
duced by way of an antecubital vein. The distal pair of elec- 
trodes was placed at the right ventricle for ventricular pacing, 
and the proximal two pairs were used for high right atrial 
pacing and recording.?! The intracardiac electrograms were 
then displayed simultaneously with standard electrocardio- 
graphic leads I, II and V4 on a multichannel oscilloscopic 
photographic recorder (Electronics for Medicine, DR-16) and 
recorded at a paper speed of 100 mm/sec, using a filter setting 
of 40 to 500 hertz. 

Programmed atrial and ventricular stimulation consisted 
of extrastimulation and incremental pacing.?! During pro- 
grammed extrastimulation, the high right atrium and the right 
ventricular endocardium were respectively stimulated at one 
or two cycle lengths (A;-A; or V,-V,) with use of a pro- 
grammed digital stimulator (Biocelestronix, Miami Springs, 
Florida) that delivered stimuli (Sq and S5) of 2 msec duration 
at approximately twice diastolic threshold. After every eighth 
spontaneous or paced beat (A, or V4), a single premature atrial 
or ventricular beat (Az or V2) was delivered at progressively 
shorter coupling intervals (A,-A»s or V;-V2) until the effective 
refractory period of the atrium or the ventricle was encoun- 
tered.?! 

Definitions: A-V conduction intervals and refractory pe- 
riods were defined and measured as conventionally de- 
scribed.?* A,, Hı and V, were low septal right atrial, His 
bundle and ventricular responses, respectively, induced by 
the driving stimuli (84); Ao, Hə and Və were low septal right 
atrial, His bundle and ventricular responses, respectively, 
induced by the premature stimuli (S5). Ae represented an 


. . atrial echo phenomenon or atrial reentry during A-V nodal 
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` reentrant tachycardia. The critical A-V nodal conduction time 
/was the A-H interval required for the development of the 
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atrial echo phenomenon or A-V nodal reentrant tachycar- 
dia.3-969,13,14 The Ae-H/H-Ae ratio was used to compare an- 
terograde with retrograde A-V nodal conduction time during 
the episode of A-V nodal reentrant tachycardia. The Ae-H 
interval was measured from the end of the low septal atrial 
echo electrogram to the beginning of the His bundle potential 
and the H-Ae interval from the end of the His bundle potential 
to the beginning of the low septal atrial echo electrogram.?5 
Electrophysiologic evidence for retrograde conduction over 
the A-V node-His-Purkinje system was based on the fol- 
lowing observations: (1) Progressive prolongation of ventri- 
culoatrial (V-A) conduction time was induced by gradual 
shortening of the ventricular premature coupling interval 
(V,-V2) and incremental ventricular pacing (V;-V)21:2627. and 
(2) ventricular premature stimulation during tachycardia did 
not result in atrial preexcitation.!??7 When discontinuous A-V 
nodal conduction curves (A1-A2, H1-H2) and discontinuous 
V-A conduction curves (V;-V», A1-A9) were respectively in- 
duced during anterograde and retrograde conduction studies, 
the refractory periods of the fast and slow A-V nodal pathways 
in anterograde and retrograde directions were measured and 
defined as described by Denes? and Wu! and their co-work- 
ers. Briefly, the curve to the right of the discontinuity reflected 
the fast A-V nodal pathway conduction, and that to the left. 
represented the slow A-V nodal pathway conduction. In dis- 
continuous A;-A», H,-Ho curves, the longest A-A» interval 
at which A» was blocked in the fast or the slow A-V nodal 
pathway was defined as the anterograde effective refractory 
period of the fast or the slow A-V nodal pathway, respectively. 
Similarly, in discontinuous V;-V», A;-A» curves, the longest 


33 pon EA rat DIM 1 T: we ate Moe TR > WF- - imac ^ " 
each Shas UOS TERET UT ve 
? 7 


V;-Vs interval at which V? was blocked in the fast or the slow 


A-V nodal pathway was defined as the retrograde effective 
refractory period of the fast or the slow A-V nodal pathway, 
respectively. 


Results 


The pattern of the tachycardia circuit within the A-V 
node identified two distinct forms of A-V nodal reen- 
trant tachycardia that could be induced during pro- 
grammed ventricular stimulation in these eight pa- 
tients: (1) the slow-fast form using a slow A-V nodal 
pathway for anterograde conduction and a fast A-V 
nodal pathway for retrograde conduction (Ae-H/H-Ae 
ratio greater than 1) (Cases 1 to 3); and (2) the fast-slow 


form having a tachycardia circuit in reverse of the for- - 


mer using a fast A-V nodal pathway for anterograde 
conduction and a slow A-V nodal pathway for retro- 
grade conduction (AeH/H-Ae ratio less than 1) (Cases 
4 to 8). The anterograde and retrograde A-V conduction 
patterns in these patients were then analyzed. 


Slow-Fast Form of A-V Nodal Reentrant Tachycardia 
(three patients) 


During programmed atrial stimulation, dual A-V 
nodal pathway conduction was evident in all three pa- 
tients. In two of these three patients, sustained A-V 
nodal reentrant tachycardia of the slow-fast form could 
be elicited after achievement of a critical A-V nodal 
conduction delay (A-H) during anterograde slow 
pathway conduction. The same form of A-V nodal 
reentrant tachycardia could also be elicited with ven- 
tricular premature depolarization (V5) at short pre- 
mature coupling intervals (V1-V5) during programmed 
ventricular stimulation in these two patients. 
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| As illustrated in Figure 1, both the high right atrium and were 460 and 330 msec, respectively. The critical A-H interval 
the right ventricle were driven at a cycle length of 650 msec. that induced an atrial echo phenomenon was 310 msec. Sus- 
The A,-Ao, H,-Hs and A,-A», As-H? curves were discontinuous tained A-V nodal reentrant tachycardia of the slow-fast form 
because of a sudden increase in A-V nodal conduction time could be induced between atrial premature coupling intervals 


| (Ao-H3) at an atrial premature coupling interval (A1-A2) of 460 of 360 and 340 msec. The corresponding V;-V2, A1-A2 and 
»  msec (Fig. 1A). This reflected a failure of anterograde con- V1-Ve, V2-A9 curves, in contrast, were smooth (Fig. 1B). Note 
- duction over the fast A-V nodal pathway with resultant slow that there was a progressive increase in V-A conduction time 
A-V nodal pathway conduction. The anterograde effective (V>-Ao) as the ventricular premature coupling interval (V1-V2) 
refractory periods of the fast and slow A-V nodal pathways gradually shortened, a characteristic of retrograde conduction 


FIGURE 1. Case 1. A, A4-A2, H4-H2 
and A4-As, Ao-H2 curves during high 

right atrial (HRA) pacing at a cycle 

msec. B. RV Pacing CL 650msec. length (CL) of 650 msec. Note dis- 

650 ° continuity due to a sudden increase 

A. HRA Pacing CL 650msec. "JURA : in A-V nodal conduction time (Az- 

msec. o i ° H2) at a premature coupling interval 
650 e? A 550 a H^ é (A4-A3) of 460 msec. Solid circles 
p» e° represent responses without atrial 

yi echoes; open circles represent 
3 . responses with atrial echoes. (See 
( 550 ut 450 v. text.) B, V3-V2, A;-A2 and V1-V2, 
= d: unum t^ Vz-A» curves during right ventricular 
ood? (RV) pacing at a cycle length (CL) of 
450 350 — 650 msec. Solid circles represent 
responses without ventricular 

X echoes; open circles represent 
EN responses with ventricular echoes. 
ooo | n Retrograde His bundle potentials 

300 9 (H^) are depicted as open triangles. 

es, Both V 4-Vo, A4-Az and V 4-Vo, Vo-A2 


ES SSE | 


¢, ==, 


è 
A1- A; 


TEETE TEFA SAE v 

Cw 
cn 
c 
o 

o 

AL 
C 
ce 


250 


£ 
| 
> FA curves are smooth. Retrograde A-V 
. E ^a * e nodal conduction time (H2-A2) 
| 
> 


tly ads kd TR ECT E 
"T mu E v mi 
- [DW AA x K 


A2-H? 


150 M 200 ES P ranges from 90 to 100 msec. In- 
3 oo E "c...e duction of sustained A-V nodal 
1 “eee ¢ E m EP reentrant tachycardia of the slow- 
50 100 fast form coincides with the ven- 

tricular echo zone between pre- 


EGE edo PARA. HERMES BES | WOES NIBUS Pee (Sate YI Pepe 
tur ling intervals (V4-V2) of 
300 400 500 600  700msec. 150 250 350 450 550  650msec. 54o Wick ai aliter eic 


CAEN 


3 A,- A V - Vo septal right atrium. 
j 

A 

à A 9$ 90 35 40$ AM Hj-Hy:530 

R 

E HRA = ————— SS | no 

E M i. Y T 

E HBE— ~m- Annem P Se a S Nam py Le A + a ae 

. 90 150 60 60 


650 460 FIGURE 2. Same case. Atrial premature stimulation with 
B 3 Sı ; Sz A-Aa: 460 Hi- Ho: 660 induction of the slow-fast or of A-V nodal reentrant 

|| nq $n “tachycardia. In this and subsequent figures are shown 
electrocardiographic lead II (Il), high right atrial (HRA) and 
His bundle electrographic (HBE) leads. S; and S2 repre- 


HRA —:—w— «—Mw— : — a a na, —— y 
sent pacing and premature stimuli, and A and H atrial and - 


AN AH E A H AH His bundle electrograms, respectively. The high right 

HUE S orem pore e D a mit mtn ws fcm atrium is driven at a cycle length (S;-S, interval) of 650 
90 290 60 60 msec. A, an atrial premature beat at a coupling interval 

(S4-S5) of 470 msec lengthens the A-H interval from 90 

C Sı 650 ^ s, 360 S? Ay-A2:360 Hy-H2: 610 ; to 150 msec. B, an atrial premature beat at a coupling 
m Pe ey ee Dn Ge NH MN RSEN eR IEEE Ne MUDE 6c Ir UNS; ed interval (S4-S2) of 460 msec suddenly prolongs the A-H 


interval to 290 msec, resulting in discontinuous A-V nodal 
| ' \ 1 | i r conduction curves (A1-Az, H4-H2) (Fig. 1A). C, an atrial 
HRA —.—^ BSR RC ph T T" m ih D premature beat at a coupling interval (S;-S2) of 360 msec 


CEEE IE ata ak rr lite ale TES 


^ M RUS H Ae Hae  HAe Hae Whe n" induces a sustained A-V nodal reentrant tachycardia of 
HBE -vm WM vi i MM en et rt ^ »- the slow-fast form upon achievement of an A-H interval 
90 90 340 of 340 msec (arrow). The Ae-H/H-Ae ratio is greater than - 
t , 5Ü0msec. , 1 during tachycardia. Ae = atrial echo phenomenon. 


. 406 September 1978 The American Journal of CARDIOLOGY Volume 42 f 


accum rm. 
Xa ! JA. 
^ 


in the A-V node-His-Purkinje system. The retrograde His 
bundle potential (H5) secondary to ventricular premature 
depolarization (V2) could be recorded between ventricular 
premature coupling intervals (V1-V5) of 320 and 200 msec. 
Retrograde A-V nodal conduction time (H5-A5) ranged from 
90 to 100 msec. Because the V-A conduction curve (V;-V»5, 
À1-À3) was smooth and retrograde A-V nodal conduction time 
was relatively short, it was concluded that V-A conduction 


occurred exclusively by way of the fast A-V nodal pathway. - 


Between ventricular premature coupling intervals (V4-V5) of 
240 and 200 msec, sustained A-V nodal reentrant tachycardia 
of the slow-fast form, similar to that induced during pro- 
grammed atrial premature stimulation, could be elicited. 
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The representative tracings corresponding to Figure 1, A 
and B, are shown in Figures 2 and 3. Note that the slow-fast 
form of A-V nodal reentrant tachycardia induced during both 
atrial and ventricular premature stimulation had an Ae-H/ 
H-Ae ratio of more than 1, indicating anterograde conduction 
over a slow A-V nodal pathway and retrograde conduction 
over a fast A-V nodal pathway (Fig. 2C and 3C). Furthermore, 
shortening of the ventricular pacing cycle length (V1-V1) 
seemed to widen the tachycardia zone. As demonstrated in 
Figure 3D, when the ventricular pacing cycle length was de- 
creased to 450 msec, a ventricular premature depolarization 
(V5) at a relatively long coupling interval (V1-V2) of 370 msec 
could readily elicit a sustained A-V nodal reentrant tachy- 
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1 during tachycardia. D, when the ventricular 
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msec, a ventricular premature beat (S2) can in- 
duce sustained A-V nodal reentrant tachycardia 


of the slow-fast form (arrow) beginning at a HBE M Bea 


coupling interval (S1-S2) of 370 msec until V-A 
conduction fails at 230 msec (not shown). Ab- 
breviations as in Figure 2. 
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FIGURE 4. Case 2. Anterograde dual A-V nodal pathway conduction during basic atrial pacing. S = stimulus. The first beat is of sinus origin with an 


A-H interval of 60 msec. The second and subsequent beats are responses to high right atrial pacing at a cycle length of 800 msec. Note a sudden 
increase in the A-H interval (250 msec) after the first atrial capture. Gradual prolongation of A-V nodal conduction time (A-H) is followed by the 
occurrence of an atrial echo (Ae) phenomenon (critical A-H interval = 280 msec corresponding to the fourth atrial capture). The sixth atrial capture 
* is blocked in the A-V node. The occurrence of an atrial echo (Ae) phenomenon interferes with programmed atrial premature stimulation. Abbreviations 


as in Figure 2. F 
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FIGURE 5. Same case. Induction of the slow-fast form of A-V nodal reentrant tachycardia at a shorter ventricular pacing cycle length without ventricular 
premature stimulation. A and B, the right ventricle is driven at a cycle length of 800 msec. Ventricular premature beats (S2) at coupling intervals 
of 390 and 310 msec induce retrograde atrial activation with a gradual prolongation of V-A conduction time (S4-A, = 150 msec in both panels, 
So-A> = 220 and 300 msec, in A and B, respectively). In each instance, ventriculoatrial activation is followed by a ventricular echo beat with an 
atrial echo (Ae). The corresponding V;-V2, A,-A» and V1-V2, V2-A2 curves are smooth, similar to those demonstrated in Figure 1B. Retrograde 
A-V nodal conduction time (H2-A;) is 100 msec. C, the right ventricular pacing cycle length is decreased from 800 to 500 msec. The third and fourth 
pacing stimuli not only capture the ventricle but also induce retrograde atrial activation. A sustained A-V nodal reentrant tachycardia of the slow-fast 
form is elicited after termination of ventricular pacing (the fourth pacing stimulus). The Ae-H/H-Ae ratio is greater than 1 during tachycardia. Ab- 


breviations as in Figure 2. 


cardia of the slow-fast form. The tachycardia zone extended 
from the premature coupling interval (V;-V5) of 370 msec to 
240 msec before V-A conduction failed (V;-V» interval = 230 
msec). 

In the remaining patient (Fig. 4), the fast A-V nodal 
pathway appeared to have a long effective refractory period 
in an anterograde direction. At an atrial pacing cycle length 
of 800 msec, anterograde A-V nodal conduction immediately 
shifted from fast to slow A-V nodal pathway conduction. A 
gradual prolongation of anterograde conduction time (A-H) 
over the slow A-V nodal pathway then resulted in retrograde 
atrial activation (Ae) through the fast A-V nodal pathway 
interfering with programmed atrial premature stimulation. 
Neither continuous atrial pacing at various cycle lengths nor 
rapid atrial stimulation up to 250 beats/min could elicit an 
episode of A-V nodal reentrant tachycardia. The right ven- 
tricle was then driven at a comparable cycle length of 800 
msec. V-A conduction time (V5-A5) progressively lengthened 
as the ventricular premature coupling interval (V1-V2) grad- 
ually shortened, suggesting retrograde conduction over the 
A-V node-His-Purkinje system (Fig. 5, A to C). Ventricular 
premature depolarizations (V2) induced a ventricular echo 
phenomenon between premature coupling intervals (V;-V2) 
of 390 and 290 msec. Although an atrial echo (Ae) constantly 
occurred after the ventricular echo beats, no sustained A-V 
nodal reentrant tachycardia could be elicited. A retrograde 
His bundle potential (H5) secondary to ventricular premature 
depolarization (V2) was also discernible between premature 
coupling intervals (V,-V2) of 390 and 290 msec. The V-A 
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conduction curve (V,-V», ÀA1-A93) was smooth, similar to that 
illustrated in Figure 1B, and retrograde A-V nodal conduction 
time (H5-A5) was relatively short, ranging from 80 to 100 msec. 
It was therefore concluded that the fast A-V nodal pathway 
was used for V-A conduction, and the slow A-V nodal pathway 
for anterograde conduction during the occurrence of a ven- 
tricular echo phenomenon (Fig. 5, A and B). Shortening of the 
ventricular pacing cycle length to 500 msec could in itself 
initiate sustained A-V nodal reentrant tachycardia of the 
slow-fast form (Ae-H/H-Ae greater than 1) without delivery 
of ventricular premature stimulation (Fig. 5C). 


Fast-Slow Form of A-V Nodal Reentrant Tachycardia 
(five patients) 


In two of these five patients, A-V nodal conduction 
curves (A4-A», H4-Hs) were smooth during programmed 
atrial premature stimulation. Nevertheless, atrial pre- 
mature depolarizations (As) at short coupling intervals 
(À1-A3) resulted in the late appearance of an atrial echo 
(Ae) or sustained A-V nodal reentrant tachycardia of 
the fast-slow form. During programmed ventricular 
premature stimulation in these two patients, discon- 
tinuous V-A conduction curves (V1-Ve2, A,-A9) 
suggesting retrograde dual A-V nodal pathways were 
present. However, demonstration of discontinuous V-A 
conduction curves (V4-Vs, A1-A5) appeared to be de- . 
pendent on cycle length. . 
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FIGURE 6. Case 4. A, A,-A», H1-H2 and A,-A»5, A2-H2 curves during high right atrial pacing at a cycle length of 640 msec. Solid circles represent j 
responses without atrial echoes, open circles represent responses with atrial echoes. Both A; -A2, H4-H2 and A4-H2, A;-Ha curves are smooth. - 
-A-V nodal conduction time (A2-H2) lengthens progressively as the atrial premature coupling interval (A;-Az) gradually shortens (see text). B, V;-Vo, _ 
|. Ay-Az and V ,-V», V5-A; curves during right ventricular pacing at a cycle length of 640 msec. Solid circles represent responses without ventricular — 
. echoes. Retrograde His bundle potentials (H^) are depicted as open triangles. Both V ;-V2, A,-A? and V ,-V5, V2-A» curves are smooth. Retrograde — 
A-V nodal conduction time (V2-H2) ranges from 120 to 130 msec. No ventricular echo phenomenon or A-V nodal reentrant tachycardia can be induced. p 
C, V1-V2, Ay-Az and V1-V2, V2-A» curves during right ventricular pacing at a cycle length of 500 msec. Note the discontinuity due to a sudden increase - 
in VA conduction time (V5-A5) at a ventricular premature coupling interval (V ,-V5) of 450 msec. Solid circles represent responses without ventricular — 
echoes; open circles represent responses with ventricular echoes. Retrograde His bundle potentials are depicted as open triangles. The curve — 
to the right of discontinuity reflects retrograde fast A-V nodal pathway conduction, that to the left, retrograde slow A-V nodal pathway conduction. — 


Retrograde slow A-V nodal pathway conduction time (H5-A5) ranges from 300 to 330 msec. Induction of sustained A-V nodal reentrant tachycardia 
of the fast-slow form coincides with the entire retrograde slow A-V nodal pathway conduction curve. Abbreviations as in Figure 1. 


As illustrated in Figure 6, A and B, both the high right 
atrium (HRA) and the right ventricle (RV) were driven at a 
cycle length of 640 msec. The A1-A2, Hy-H» and A,-As, Ao-He 
curves were smooth. There was a progressive increase in an- 
terograde A-V nodal conduction time (A-H) as the atrial 
premature coupling interval (A;-A5) gradually shortened (Fig. 
6A). The critical A-H interval that induced an atrial echo beat 


. was only 180 msec. Sustained A-V nodal reentrant tachycardia 


of the fast-slow form could be induced between atrial pre- 
mature coupling intervals (A,-A5) of 350 and 330 msec (Fig. 


6A). It was believed that the entire A1-A», H1-Ho and A,-A;, 


Ao-Ho curves reflected the fast A-V nodal pathway conduc- 


tion, and its anterograde effective refractory period was 320 


msec. The slow A-V nodal pathway had an effective refractory 
period longer than that of the fast A-V nodal pathway in an 
anterograde direction, and its exact value could not be mea- 
sured. The corresponding V;-Vo, A;-A2 and V;-V»o, V5-A» 
curves were also smooth (Fig. 6B). There was a progressive 
increase in V-A conduction time (V5-A5) as the ventricular 
premature coupling interval (V,-V2) gradually shortened, a 
characteristic of retrograde conduction in the A-V node- 
His-Purkinje system. The retrograde His bundle potential 
(H3) secondary to ventricular premature depolarization (V2) 
could be recorded between premature coupling intervals 
(V4-V3) of 360 and 270 msec. Retrograde A-V nodal conduc- 


3 tion time (H5-A5) ranged from 120 to 130 msec. Because of the 


smooth V-A conduction curve (V;-V»5, A;-A5) and relatively 


\ 


short retrograde A-V nodal conduction time (Hs-A5), it was 
concluded that the fast A-V nodal pathway was used exclu- 
sively for retrograde atrial activation during programmed 


ventricular premature stimulation at this selected pacing cycle - 


length. 


The ventricular pacing cycle length was then decreased — 
from 640 to 500 msec in the same patient (Fig. 6C). At this - 
pacing cycle length, a sudden increase in V-A conduction time — 
(V2-A2) occurred between premature coupling intervals of 460 
and 450 msec resulting in discontinuous V-A conduction  . 
curves (V;-V», A1-A2). This indicated a failure of retrograde — 


conduction over the fast A-V nodal pathway with resultant 


slow A-V nodal pathway conduction. The curve to the right _ 


of discontinuity reflected retrograde fast A-V nodal pathway 
conduction and to the left, retrograde slow A-V nodal pathway 
conduction. The retrograde effective refractory period of the 
fast A-V nodal pathway was 450 msec and that of the slow A-V 


nodal pathway 220 msec. V-A conduction time (V5-A5) of both _ 


the retrograde fast and slow A-V nodal pathway conduction 
curves showed characteristic progressive lengthening as the 

ventricular premature coupling interval (V;-V5) gradually 
shortened (Fig. 6C). The retrograde His bundle potential (Hə) 


secondary to ventricular premature depolarization (V2) could 


be recorded between premature coupling intervals (V4-V5) of 
350 and 230 msec. Retrograde A-V nodal conduction time 
(Ha-A3) was relatively long (300 to 330 msec), thus confirming 
that the slow A-V nodal pathway was used for retrograde atrial 
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Ks: Ho: FIGURE 7. Same case. Atrial premature stimulation 

A $i ST A 4 A ascen T ois NOME with induction of the fast-slow form of A-V nodal 
Il, —r ER ~ reentrant tachycardia. The high right atrium is driven 

. at a cycle length (S4-S) of 640 msec. The A-V nodal 

HRA — ap ti i ——H—— conduction time (A-H) lengthens progressively as the 
T T atria! premature coupling interval (S;-S2) gradually 

HBE — ^ ` An UM |n k E D shortens. The corresponding A4-A2, H1-H2 and A4-A», 
PE 70 180 A 10 10 Az-Hs curves are smooth (Fig. 6A). A, an atrial pre- 

mature beat at a coupling interval (S;-S2) of 400 msec 

B S 640 c 350 c Ay-Ap:350 Hy -Hp: 500 | lengthens the A-H interval from 70 to 180 msec and 
ll NH. ie UM BOLE, AER ARE, VE ges todo Gori elicits the late appearance of an atrial echo (Ae) 


HRA — — ——— ~ Ss —— —— — —— — — a ——+ —— 
. f 


activation after the sudden increase in V-A conduction time 
(V2-A2). Throughout the entire retrograde slow A-V nodal 
pathway conduction curve (V;-V», A1-A2), a ventricular pre- 
mature depolarization (V5) could elicit not only a ventricular 
echo phenomenon but also sustained A-V nodal reentrant 
tachycardia of the fast-slow form. 

The representative tracings corresponding to Figure 6, A 
to C, are shown in Figures 7,8 and 9. Note that the fast-slow 
form of A-V nodal reentrant tachycardia induced during both 
atrial and ventricular premature stimulation had an Ae-H/ 
H-Ae ratio of less than 1, indicating anterograde conduction 
over a fast A-V nodal pathway and retrograde conduction over 
a slow A-V nodal pathway (Fig. 7B and 9, B to D). 


In the other three patients, discontinuous A-V nodal 
conduction curves (A;-As, H;,-H5) suggestive of the 
presence of dual A-V nodal pathways were evident 
during programmed atrial premature stimulation. 
However, no atrial echo phenomenon or A-V nodal 
reentrant tachycardia of either form could be elicited. 
During programmed ventricular stimulation, two of the 
three patients had discontinuous V-A conduction curves 
(V4-V5, A1-AÀ3) suggesting dual A-V nodal pathways in 
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(arrow). Note that the anterograde/retrograde A-V 
nodal conduction time ratio (A-H — 130 msec/H-Ae 
= 250 msec) is less than 1. B, an atrial premature 


AH AH E ^W he H he H he H he H beat at a coupling interval of 350 msec elicits not only 
HBE — inn Maar ee ee een ee =- w~ ~ J anatrial echo (Ae) phenomenon but also a sustained 
10 Qu 220 180 170 170 170 fast-slow form of A-V nodal reentrant tachycardia 
500msec. (arrow). The Ae/H/H-Ae ratio is less than 1 during 
| tachycardia, indicating anterograde conduction over 
a fast A-V nodal pathway and retrograde conduction 
over a slow A-V nodal pathway. Abbreviations as in 
Figure 2. 
A s 60 $3009 
ET N Ho A? AH 
HBE A ^ — —— —— —— 
> $1-Ay:130 | Sz'- A2:250 10 
B S2-H2:120 
$i 640 $i 270s, FIGURE 8. Same case. Ventricular premature stimulation 
| em ee Sea S ER without induction of A-V nodal reentrant tachycardia of 
either form. The right ventricle is driven at a cycle length 
(S4-S2) of 640 msec. A and B, ventricular premature beats. 
HRA —-——————- oor OO OOOO (S2) at coupling intervals (S;-S2) of 360 msec and 270 
Ay Ho Ao YE AH msec progressively lengthen V-A conduction time (S4-A4 
HBE —^4 raea tin —À— eee = 130, Son = 250 and 350 msec, respectively) without 
S2-A2:350 70 70 induction of a ventricular echo phenomenon or A-V nodal 
S1-A1:130 So-H9:220 reentrant tachycardia. Retrograde A-V nodal conduction 
romeo time (Hə2-A2) is 130 msec. Abbreviations as in Figure 
msec. 


the retrograde direction. Sustained A-V nodal reentrant 


tachycardia of the fast-slow form could be induced after 


a shift from retrograde fast to retrograde slow A-V nodal 
pathway conduction, similar to that illustrated in Fig- 
ures 6C and 9, A to D. In the remaining patient, a pro- 
longed V-A conduction time (V;-A,) before ventricular 
premature stimulation suggested retrograde conduction 
over a slow A-V nodal pathway. Induction of the fast- 
slow form of A-V nodal reentrant tachycardia by ven- 
tricular premature beats (V2) was associated with a 
smooth V-A conduction curve (V4-V»o, A1-A9). 


As illustrated in Figure 10, both the high right atrium and 
the right ventricle were driven at a cycle length of 650 msec. 
The A,-As5, Hı-Ho and A;-Ag, A2-H9 curves were discontinuous 
because of a sudden increase in A-V nodal conduction time 
(As-H5) at an atrial premature coupling interval (A1-A5) of 340 
msec (Fig. 10A). This reflected a failure of anterograde con- 
duction over the fast A-V nodal pathway with resultant slow 
A-V nodal pathway conduction. The anterograde effective 
refractory period of the fast A-V nodal pathway was 340 msec. 
A further decrease in the atrial premature coupling interval 
(A1-Ao3) did not induce an atrial echo phenomenon or A-V ' 
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_ FIGURE 9. Same case. Ventricular premature stimulation with induction 


of the fast-slow form of A-V nodal reentrant tachycardia. The right 
ventricle is driven at a cycle length (S4,-S4) of 500 msec. A, a ventricular 
premature beat (S5) at a coupling interval (S;-S2) of 460 msec lengthens 
V-A conduction time (S2-A5) from 180 to 200 msec. B, a ventricular 
premature beat (S5) at a coupling interval (S4-S5) of 450 msec suddenly 
increases V-A conduction to 380 msec, resulting in discontinuous V-A 
conduction curves (V1-V2, A4-A5) (Fig. 6C) and induction of a sustained 
A-V nodal reentrant tachycardia of the fast-slow form (arrow). C and 
D, ventricular premature beats (S5) at coupling intervals (S4-S2) of 350 
and 230 msec further progressively lengthen V-A conduction time 
(S2-A5) to 420 and 540 msec, respectively, and induce sustained A-V 
nodal reentrant tachycardia of the fast-slow form (arrow). Retrograde 
A-V nodal conduction time (H2-A5) is 300 and 330 msec, respectively. 
Note the Ae-H/H-Ae ratio is less than 1 during tachycardia. Abbrevia- 
tions as in Figure 2. 


FIGURE 10. Case 6. A, A4,-A5, H4,-H» and A4-As, 
A»-Ho curves during high right atrial pacing at a 
cycle length of 650 msec. Note discontinuity due 
to a sudden increase in A-V nodal conduction time 
(A2-H2) at a premature coupling interval of 340 
msec. Solid circles represent responses without 
atrial echoes. No atrial echo phenomenon or A-V 
nodal reentrant tachycardia can be induced (see 
text). B, V4-Vo, Ai-Ao and V1-V2, Vo-Ao curves 
during right ventricular pacing at a cycle length of E 
650 msec. Solid circles represent responses 
without ventricular echoes; open circles represent 
responses with ventricular echoes. Retrograde His 
bundle potentials (H^) are depicted as open tri- e 
angles. Both Vj-V2, Ay-Ao and V4-Va, Vo-Ao ee 
curves are smooth. Note the relatively long V-A 
conduction time during basic driving (V4-A4, = 310 
msec). Retrograde A-V nodal conduction time 
(H2-A5) ranges from 270 to 280 msec. Induction 
of sustained A-V nodal reentrant tachycardia of 50 
the fast-slow form coincides with the entire ven- 
tricular echo zone between premature coupling 
intervals (V+-V2) of 470 and 290 msec. Abbre- 
viations as in Figure 1. 
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nodal reentrant tachycardia. The determination of the an- 
terograde effective refractory period of the slow A-V nodal 


pathway was limited by atrial refractoriness. Premature atrial | d 


stimulation at a shorter atrial pacing cycle length of 450 msec 





and rapid atrial stimulation up to 250 beats/min also failed — . 
to elicit an atrial echo phenomenon or A-V nodal reentrant — 


tachycardia. In contrast, the corresponding V;-V», A;-A> and 
Vı-V2, Vo-À» curves were smooth (Fig. 10B). Note the rela- 
tively long V-A conduction time during basic ventricular 
driving (V,-A; = 310 msec) and the progressive increase in 


V-A conduction time (Vo-A5) as the ventricular premature - 
coupling interval (V;-V5) gradually shortened, characteristic — 


of retrograde conduction by way of the A-V node-His-Pur- 
kinje system. 


The retrograde His bundle potential (Hə) secondary to - 
ventricular premature depolarization (V2) could be recorded — 


œ 
=> 
MTM 


313^ 


between ventricular premature coupling intervals (V-V) of — 


310 and 290 msec. Retrograde A-V nodal conduction time 
(Hs-A3) ranged from 270 to 280 msec. Because of the smooth 
V-A conduction curve (V1-V2, A1-A9) and relatively long ret- 
rograde A-V nodal conduction time, it was concluded that the 
slow A-V nodal pathway was used exclusively for V-A con- 
duction. The retrograde effective refractory period of the slow 
A-V nodal pathway was 280 msec. The fast A-V nodal pathway 
had a retrograde effective refractory period longer than that 


of the slow A-V nodal pathway and its exact value could not 


be measured. Between ventricular premature coupling in- 
tervals (V4-V5) of 470 to 290 msec, ventricular premature 
depolarizations (V5) constantly elicited sustained A-V nodal 
reentrant tachycardia of the fast-slow form. 


The representative tracings corresponding to Figure 10, 


A and B, are shown in Figures 11 and 12. Note that the A-V 
nodal reentrant tachycardia induced during ventricular pre- 
mature stimulation had an Ae-H/H-Ae ratio of less than 1, 


indicating anterograde conduction over a fast A-V nodal  : 


pathway and retrograde conduction over a slow A-V nodal 
pathway (Fig. 12, A to C). 


The fast-slow form of A-V nodal reentrant tachy- 
cardia could also be triggered by a decrease in the ven- 
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1 A j heme A H H M, lation without induction of A-V nodal reentrant 
E BE am "Ji Gave cr hea ^ tachycardia of either form. The high right atrium was 
: A". bai driven at a cycle length (S4-S4) of 650 msec. A, an 
Eoi i } atrial premature beat at a coupling interval (S4-S2) of — 
| B 91 ! 650 ST 340 S2 Ay-A2:340 Hi-Ho:480 350 msec lengthens the A-H interval from 70 to 130 


|l msec. B, an atrial premature beat at a coupling in- 
. i terval (S4-S2) of 340 msec suddenly increases the A-H 
p+ isl a ee stia ensis interval to 210 msec, resulting in discontinuous A-V 

| AY m H | r nodal conduction curves (A4-A», H1-H3) (Fig. 10A). No 
-HBE —————— | ns ero atrial echo phenomenon or A-V nodal reentrant 
Ew: f | 60' tachycardia can be induced by further shortening of 
a the atrial premature coupling interval (S4-S2). Ab- 


, 200msec._, breviations as in Figure 2. i: 
A s 99 o 40. ; cou 
| | 2 FIGURE 12. Same case. Ventricular - 
I premature stimulation with induction of 
b l i i , the fast-slow form of A-V nodal reen- 
Za Y Ay Ay H he H he H le H .. Ae N Ae. H c driven at a cycle length of 650 msec. 
— HBE —— -———€ nm n Danna Á— mene o veri inii anims wh V-A conduction time is relatively long 
| Shy 310 So-Ao: 330 N + qd 120 nu 110 110 during basic driving (V;-A, = 310 
n B 650 y 00 S t msec). A to C, ventricular premature 
$ 91 2 beats (S2) at coupling intervals of 470, 
ll BENE OO 400 and 300 msec induce retrograde 
»- | ! ' atrial activation with a progressive 
E My ^ ' : : ' longation of V-A conduction time 
f is xe E, i i pro B 
JG hi kh doch E 4) o WEM ES AE. o EA R E 2 
BE = rri Senne p i es —Á— ——— spectively). The corresponding V;-Vo, 
51:310 So - Ap:360 120 120 110 110 110 110 A,-A2 and V,-Vo, Vo-A2 curves are 





H Ae d 






: | 1 
: HAs am mima i 


smooth (Fig. 10B). In each instance, 
retrograde atrial activation is followed 
by development of a ventricular echo 

and induction of sustained 
A-V nodal reentrant tachycardia of the 
fast-slow form (arrow). Retrograde A-V 


Í i 


H .. Ae 


HBE BUE NEU UNE MUN PL LIRE LRL BE, RE nodal conduction time (H2-Az) is 270 


i l l E | " ' msec (C). The Ae-H/H-Ae ratio is less 
Sr Ar 310 32-90 Hy) . 130 NO Wn N10 N10 than 1 during tachycardia. Abbrevia- 
52:180 t ,900 msec., tions as in Figure 2. 


i tricular pacing cycle length in three of the five patients. 
— Two examples are shown in Figure 13, A and B. This 


.. response indicated that cycle length shortening, possibly 
— by facilitating retrograde block in the fast A-V nodal 


: | _ pathway and prolonging retrograde conduction time in 


- the slow A-V nodal pathway, favored the initiation of 
— the fast-slow form of A-V nodal reentrant tachycardia 


— jinthese patients. 
Discussion 


Dual A-V nodal pathway conduction: Both animal 
and human experiments have demonstrated that the 
A-V node can undergo functional longitudinal disso- 
ciation into two conducting pathways differing in 
electrophysiologic properties.3-99-14.19,2831 These two 
A-V nodal pathways converge proximally as well as 
distally to form proximal and distal common pathways. 
An atrial or ventricular premature impulse may thus 
induce a reentry mechanism utilizing one pathway for 


anterograde conduction and the other pathway for 


retrograde conduction, or vice versa, with initiation of 
an atrial or ventricular echo phenomenon or sustained 
A-V nodal reentrant tachycardia. 

Induction of sustained A-V nodal reentrant tachy- 
cardia during programmed ventricular stimulation has 
rarely been observed in man.!5!6-18 Tt occurred in 8 of 
our 42 patients with paroxysmal supraventricular 
tachycardia associated with dual A-V nodal pathway 
conduction. Two distinct forms of A-V nodal reentrant 
tachycardia could be clearly differentiated —the slow- 
fast form using a slow A-V nodal pathway for antero- 
grade conduction and a fast A-V nodal pathway for 
retrograde conduction (Ae-H/H-Ae > 1), and the fast- 
slow form with a tachycardia circuit of the reversed di- 
rection (Ae-H/H-Ae <: 1). In this study we demon- 
strated that both forms of A-V nodal reentrant tachy- 
cardia can be elicited from the atria as well as from the 
ventricles. 

The fast-slow form of A-V nodal reentrant tachy- ` 
cardia frequently presents as a "permanent" form of 
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-FIGURE 13. Same case. Induction of the fast-slow form of A-V nodal reentrant tachycardia with ventricular pacing at shorter cycle lengths without — 
E 4 delivery of ventricular premature stimulation. S represents the ventricular pacing stimulus. A, the right ventricle is driven at a cycle of 450 msec. — 
... The fourth and fifth pacing stimuli not only capture the ventricle but also induce V-A conduction with a relatively long V-A conduction time (Soe i. 
.. msec and 350 msec, respectively [in parentheses]), suggesting retrograde conduction over a slow A-V nodal pathway. After the fifth pacing stimulus, - 

.  asustained A-V nodal reentrant tachycardia of the fast-slow form is initiated (arrow). The Ae-H/H-Ae is less than 1 during tachycardia. B, the right : : 
 . ventricle is driven at a cycle length of 490 msec. H^ indicates retrograde His bundle potentials. The three pacing stimuli all capture the ventricle — 
. .. and induce V-A conduction. There is an atypical Wenckebach periodicity of the V-A conduction time (140, 210 and 420 msec, respectively [in — 
— . parentheses]), followed by development of a sustained A-V nodal reentrant tachycardia of the fast-slow form (arrow). The Ae-H/H-Aeratioisless — 
than 1 during tachycardia. The sudden increase in V-A conduction time corresponding to the third ventricular captured beat is believed to be due — 
to a failure of retrograde conduction over the fast A-V nodal pathway (retrograde unidirectional block) with resultant conduction over the slow A-V  - 





| r nodal pathway. 


supraventricular tachycardia.’ It resembles, electro- 
cardiographically, an ectopic atrial tachycardia and 
probably occurs more commonly in children than in 
adults." Using the technique of atrial and ventricular 
premature stimulation, Coumel et al.^3? postulated A-V 
nodal reentry as the underlying mechanism. Of note, 
Satake et al.2° could demonstrate the occurrence of both 
anterograde and retrograde dual A-V nodal pathway 
conduction in the same patient, and Wu et al.!6 docu- 
mented the association of sustained A-V nodal reen- 
trant tachycardia of this form with discontinuous V-A 
conduction curves (V4-V», Ai-Ag). 

During programmed atrial premature stimulation, 
recording of the His bundle potential illustrated that 
a sudden increase in A-V nodal conduction time (A-H) 
is the cause of discontinuity in the anterograde A-V 
conduction pattern. This suggested that failure of an 
anterograde fast A-V nodal pathway is followed by 
conduction by way of an anterograde slow A-V nodal 
pathway.3-99-14 However, during programmed ven- 
tricular premature stimulation, delineation of the exact 
routes of V-A conduction is frequently handicapped by 
the difficulty and uncertainty in recording a retrograde 
His bundle potential.2!:2627 In our laboratories, we 
routinely identify His bundle deflections of sinus beats 
after delivery of each ventricular premature stimulation 
and, accordingly, adjust the position of the recording 
electrode catheter whenever it is necessary. Registration 
of the retrograde His bundle potential at short ven- 
tricular premature coupling intervals???* in these eight 
patients was of value in helping to delineate which A-V 
nodal pathway was utilized for V-A conduction and, 
more importantly, provided significant information 
pertaining to the understanding of the mechanisms of 
ventricular echo phenomenon and retrograde initiation 
of A-V nodal reentrant tachycardia in man. 
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A-V nodal reentrant tachycardia initiated during 3 
programmed atrial premature stimulation: Thee á 
slow-fast form of A-V nodal reentrant tachycardia may © 
be elicited by an atrial premature beat if the fast A-V _ 
nodal pathway has an anterograde effective refractory | 
period longer than that of the slow A-V nodal pathway. - 

Its occurrence is associated with discontinuous anter- 
ograde A-V nodal conduction curves (A;-As, H4-H5) and ~ | 
requires achievement of a critical A-V nodal conduction 1 i 
delay (A-H) with failure of anterograde conduction by |. 
way of the fast A-V nodal pathway and resultant con- - 
duction by way of the slow A-V nodal pathway (Fig. — 
14A).2-69-14 On the other hand, initiation of the fast- 
slow form of A-V nodal reentrant tachycardia during 
atrial premature stimulation is only possible when the — 
slow A-V nodal pathway has an anterograde effective — 
refractory period longer than that of the fast A-V nodal — 
pathway. In this situation, the anterograde effective - 
refractory period of the slow A-V nodal pathway cannot — 
be measured, and all the atrial impulses will be exclu- - 
sively conducted over the fast A-V nodal pathway inthe . 
anterograde direction, thus producing a smooth A-V P 
nodal conduction curve (A,-A», H4-H5). The critical A-V — 
nodal conduction delay (A-H) required for induction ~ 
of an atrial echo phenomenon or A-V nodal reentrant — 
tachycardia, or both, may be only minimal because ito X 
will be within the range of anterograde conduction time © 

of the fast A-V nodal pathway (Fig. 14B). 1 

Ventricular echo phenomenon and A-V nodal wd 
reentrant tachycardia initiated during pro- — 3 5 
grammed ventricular stimulation: In addition to the - S 
proposed mechanism of intraventricular reentry in- | 
volving the His-Purkinje system,3536 a ventricular echo — 
phenomenon may occur as a result of delayed retrograde - 
conduction of a ventricular premature depolarization - 3 
within the A-V node.1928?! The presence of dual A-V _ | 
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E FIGURE 14. Diagrammatic representation of induction of two different 
- . forms of A-V nodal reentrant tachycardia (RT) during programmed atrial 
- A (A and B) and ventricular (C, D and E) premature stimulation. A, B, C, 
-D and E correspond to Figures 2C, 7B, 3C, 12A and 9B, respectively 


b. (see text). At = atrium; AVN = A-V node; V = ventricle. A, and V4 are 
-basic atrial and ventricular drives, respectively. A» and V» are atrial and 
_ . ventricular premature complexes, respectively. Ae and Ve represent 
- — atrial and ventricular echoes, respectively. Type | and Type II RT = the 
E slow-fast and fast-slow form, respectively, of A-V nodal reentrant 
F tachycardia. 

» 

i 

t nodal pathways differing in electrophysiologic proper- 
_ ties in a retrograde direction favors the occurrence of 


- the ventricular echo phenomenon. 
If the slow A-V nodal pathway has a retrograde ef- 
.. fective refractory period longer than that of the fast 
_ A-V nodal pathway, V-A conduction proceeds exclu- 
—. sively over the fast A-V nodal pathway during pro- 
2 grammed ventricular premature stimulation, producing 
E a smooth V-A conduction curve (V4-Vo, A4-A5). At 
= critical premature coupling intervals, a ventricular 
_ premature beat, being blocked retrograde in the slow 
— A-V nodal pathway, is conducted over the fast A-V 
- nodal pathway in the retrograde direction and may, in 
. turn, activate the slow A-V nodal pathway in the an- 
- terograde direction, resulting in a ventricular echo beat. 
. This ventricular echo phenomenon, when perpetuated, 
leads to the slow-fast form of A-V nodal reentrant 
tachycardia, using the fast A-V nodal pathway for ret- 
rograde conduction and the slow A-V nodal pathway for 
 anterograde conduction (Fig. 14C). 

If the slow A-V nodal pathway has a retrograde ef- 
fective refractory period shorter than that of the fast 
A-V nodal pathway, V-A conduction proceeds either 
exclusively over the slow A-V nodal pathway or over the 
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fast A-V nodal pathway at long premature coupling 
intervals but over the slow A-V nodal pathway at short 
premature coupling intervals. In the former situation, 
exclusive V-A conduction over the slow A-V nodal 
pathway produces a smooth V-A conduction curve 
(V,-Vo, A1-A9). In the latter situation, failure of retro- 
grade propagation over the fast A-V nodal pathway 
followed by a shift in conduction in a retrograde direc- 
tion over the slow A-V nodal pathway results in a sud- 
den increase in V-A conduction time and, subsequently, 
discontinuous V-A conduction curves (V4-V», A;-Ag). 
In both situations, a ventricular premature beat, being 
blocked retrograde in the fast A-V nodal pathway, is 
conducted over the slow A-V nodal pathway in a retro- 
grade direction, and may, in turn activate the fast A-V 
nodal pathway in an anterograde direction, resulting in 
a ventricular echo beat. This ventricular echo phe- 
nomenon, when perpetuated, leads to the fast-slow form 
of A-V nodal reentrant tachycardia using the slow A-V 
nodal pathway for retrograde conduction and the fast 
A-V nodal pathway for anterograde conduction (Fig. 14, 
D and E). 

A decrease in the ventricular pacing cycle length 
seems to facilitate initiation of either type of A-V nodal 
reentrant tachycardia. This is because a shorter ven- 
tricular pacing cycle length tends to prolong retrograde 
conduction time in one A-V nodal pathway and may 
simultaneously lengthen the retrograde effective re- 
fractory period in the other A-V nodal pathway (de- 
velopment of retrograde unidirectional block).?? Wid- 
ening of the ventricular echo zone or self-induction 
(requiring no ventricular premature stimulation) of A-V 
nodal reentrant tachycardia of either form may thus be 
observed at shorter ventricular pacing cycle lengths 
(Fig. 3D, 5C and 13, A and B). 

Electrocardiographic differentiation: In the 
slow-fast form of A-V nodal reentrant tachycardia, the 
retrograde P wave usually coincides with the QRS 
complex, hardly discernible from the surface electro- 
cardiogram.19338 This is because the retrograde fast A-V 
nodal pathway is used for retrograde atrial activation 
at a time when the impulse is also being transmitted in 
an anterograde direction to the ventricles. In contrast, 
when the slow A-V nodal pathway is used for retrograde 
atrial activation, as in the fast-slow form of A-V nodal 
reentrant tachycardia, the retrograde P wave is in- 
scribed far behind the QRS complex. Differential di- 
agnosis between the fast-slow form of A-V nodal reen- 
trant tachycardia and reciprocating tachycardia using 
the ^-V node-His-Purkinje system for anterograde 
conduction and a concealed accessory A-V bypass tract 
for retrograde conduction (concealed Wolff-Parkin- 
son-White syndrome) then becomes necessary because 
the retrograde P wave in the latter situation is also in- 
scribed after the QRS complex. Our previous?? and 
current observations indicate that the fast-slow form 
of A-V nodal reentrant tachycardia has an R-P interval 
longer than that of the P-R interval, whereas in recip- 
rocating tachycardia related to a concealed accessory 
A-V bypass tract, the R-P interval is shorter than the 
P-R interval. Long and short R-P intervals during the 
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tachycardia, under these circumstances, reflect retro- | 


grade atrial activation through a slow A-V nodal path- 
way and a fast conducting A-V bypass tract, respec- 
tively. However, cardiotonic or antiarrhythmic medi- 
cations, such as digitalis, propranolol, quinidine or 
procainamide, and physiologic alterations, such as 
hypoxia and ischemic processes, may influence the 
conduction properties of both the A-V node and the 
accessory bypass tract. Consequently, the characteris- 
tics described for each type of tachycardia may be ob- 
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scured. Electrophysiologic study with intracardiac re- 


cordings may be necessary for delineating the under- 


lying mechanisms in certain patients. 
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The components of the reentrant circuit were evaluated in 26 patients in 
whom sustained ventricular tachycardia could be reproducibly initiated 
or terminated, or both. Observations suggesting that the proximal His- 
Purkinje system was not a requisite component included (1) lack of re- 
quirement for retrograde His-Purkinje delay or bundle branch reentry, or 
both, for initiation of the tachycardia; (2) anterograde depolarization of 
the His bundle during ventricular tachycardia without alteration of the QRS 
configuration or cycle length; and (3) the presence of random retrograde 
His potentials during the tachycardia. Evidence that the reentrant circuit 
was localized to a small area of the ventricles included ( 1) the ability to 
capture large segments of the ventricles transiently or continuously with 
ventricular stimulation without affecting the tachycardia, and (2) the 
occurrence of intermittent or continucus supraventricular capture either 
spontaneously or with atrial pacing without effect on the tachycardia. 
These findings suggest that the reentrant circuit must be small, electro- 
cardiographically silent and relatively protected. 


The mechanism of most episodes of sustained ventricular tachycardia 
is thought to be reentry.!-’ However, the extent of the reentrant circuit 
within the ven:ricles has heretofore not been examined in man. Suc- 
cessful abolition of ventricular tachycardia after aneurysmectomy®!° 
suggests that the reentrant circuit is relatively circumscribed and small, 
whereas abolition of the arrhythmia after large transmyocardial incisions 
has led some investigators!!-!° to propose a macroreentrant circuit, 
possibly incorporating the bundle branches or large areas of ventricular 
myocardium. 'This study was undertaken to evaluate the size and com- 
ponents of the reentrant circuit. 


Material and Methods 


Patients: We evaluated 26 patients in whom ventricular tachycardia could 
be reproducibly initiated or terminated, or both, with programmed stimulation 
(Table I). The studies were performed with patients in the nonsedated postab- 
sorptive state after they had given informed consent. Antiarrhythmic agents 
were withheld for 24 to 48 hours before the procedure. Fifteen patients had 
coronary artery disease, and 13 of these had a ventricular aneurysm. Four pa- 
tients were studied within 6 weeks of a myocardial infarction. 

Procedures: Three to six electrode catheters were inserted percutaneously 
or with a cutdown procedure and fluoroscopically positioned in the heart. The 
number of recording sites varied but usually included the right atrium, atrio- 
ventricular (A-V) junction at the His bundle recording site, right ventricle at 
the apex, septum and inflow or outflow tract, or both; the left ventricle at the 
apex, septum, lateral wall or base, or both; and the coronary sinus. Quadripolar 
electrode catheters were used when it was necessary to provide both recording 
and stimulation from a given site; in such cases one pair of electrodes was used 
for recording and the other for stimulation. À tripolar catheter was used to obtain 
the His bundle and local ventricular electrogram at the A-V junction. 
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Summary of 25 Cases of Ventricular Tachycardia 
Retrograde A 
His- 4 
Purkinje Random Ventricular Supraventricular 
Age (yr) Cardiac System Retrograde Capture ture | 
no. & Sex Diagnosis ECG Delay BBR His UPD NP. nus L 
1 18M None WNL + E + T = + + M 
2 52M ASHD, Vent An ASMI, LAH + + > ? z , : s 
3 57M ASHD, Vent An IMI, ASMI + + + P T Tt LM 
4 52M ASHD, Vent An IMI, ASMI = = + + + $ + y 
5 61M CM RBBB t T = + e - = M 
6 67M None WNL T = -— : i " ‘ J^ 
7 73F HCVD LVH + = = x 4 * a l 
8 54F ASHD NTMI 4 T -= : , + ^ 7 
9 49M ASHD ASMI, IACD - = -— + = = — E 
10 59M ASHD, Vent An ASMI, AVB, T - T T * T + 2 
RBBB, LAH ON 
11 22M CAA Inc RBBB -— - - T - + —) 
12 51M ASHD, Vent An IMI, IVCD = = + + on ig + 8 
13 46M None WNL + iia + $ - T > 3 
14 64M None Pseudo IMI* - = t + T ~~ - de 
15 63M ASHD, Vent An AMI + + $ + — + - 4 
16 63M ASHD, Vent An IMI + + - + + - -— I 
17 53F RHD, Vent An RBBB, ASMI èn p- + * - + — E 
ASHD m 
18 21M IHSS AVB, T -— T T n + — Ow 
LVH, IVCD 
19 37M None WNL $ T = + — - =n i 
20 60F ASHD, Vent An AMI + + + + rte 
21 33M ASHD, Vent An IMI + + + + T = = : 
22 56M ASHD, Vent An AMI, IVCD = = + F + + + ^i 
23 67M ASHD, Vent An IMI + + T XD si t re 4 
24 62M CM Inc LBBB, * + - * + E: -— ae 
AVB D 
25 57M HCVD RBBB, LAH T — — * = + — 


* Stimulation not performed. 
AMI = anterior myocardial infarction; AP = atrial pacing; ASHD 


IHSS - idiopathic hypertrophic subaortic stenosis; 
left anterior hemiblock; LVH = left ventricular hypertrophy; NTMI 
= right bundle branch block; Vent An = ventricular aneurysm; VP 
normal limits. 

+ = yes; — = no. 


Programmed electrical stimulation was performed ac- 
cording to our previously published protocol,’ using a specially 
designed digital stimulator and isolated constant current 
source (Bloom Associates Ltd., Narberth, Pennsylvania). The 
stimuli were rectangular pulses 1 msec in duration and twice 
diastolic threshold (0.75 to 2 ma). Intracardiac recordings from 
several sites (usually from the right atrium, right ventricular 
apex and A-V junction and in 22 patients from additional sites 
within the right ventricle or coronary sinus, or both) were si- 
multaneously recorded with two or three surface electrocar- 
diographic leads. Intracardiac electrograms were filtered at 
40 to 500 hertz. The data were stored on magnetic tape 
(Honeywell 5600) and later retrieved on photographic paper 
at speeds of 150 to 200 mm/sec. 

The role of the proximal His-Purhinje system was assessed 
by analyzing the relation of the initiation and maintenance 
of the tachycardia to the timing and appearance of His po- 
tentials or bundle branch reentry, or both. The extent of 
ventricular myocardium participating in the tachycardia 
circuit was evaluated by analyzing the effect of atrial or ven- 
tricular stimulation, or both, on ventricular depolarization 
during the tachycardia. This analysis was facilitated by re- 
cording multiple ventricular electrograms, which always in- 


cluded simultaneous electrograms from at least one site in the 
right and left ventricles. 


TREE TP Wee PR EISE UA A 
Yu ite iF a: is ee ta a Nidan a ates 


- September 1978 The American Journal of CARDIOLOGY Volume 42 417 _ 


TOT ^ zt SNP nte Ae, N 
z R ^ m » 


ICULAR TACHYCARDIA—JOSEPHSON ET AL. 


L 


n 


= atherosclerotic heart disease; ASMI = anteroseptal myocardial infarction; ^ 
AVB = first degree atrioventricular block; BBR = bundle branch reentry; CAA 
trocardiogram; HCVD = hypertensive cardiovascular disease; IACD = 
IMI = inferior myocardial infarction; IVCD = = 
= nontransmural myocardial infarction; RHD = rheumatic heart disease; RBBB 
= ventricular pacing; VPD = ventricular premature depolarization; WNL = within 


= coronary arterial anomaly; CM = cardiomyopathy; ECG = elec- 
intraatrial conduction; Inc = incomplete; LBBB = left bundle branch block; — 
intraventricular conduction disturbance; LAH =  - 


o 
1 
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Results 
Role of Proximal His-Purkinje System | 


Several observations provided evidence that the - | 
proximal His-Purkinje system was not required for — 
initiation or maintenance of the tachycardia: Retro- 
grade His-Purkinje delay was observed in 19 patients; . 
in 12 of these the tachycardia could be initiated before _ 
as well as simultaneously with the development of this _ 
delay; in the remaining 7, the tachycardia was initiated _ 
in the presence of various degrees of conduction delay. ' 
Bundle branch reentry,!4 observed in 14 patients, was - 
not required for initiation of the tachycardia in any — 
patient (Fig. 1). Seven patients did not have retrograde . 
His-Purkinje conduction delay and 12 had no bundle . 
branch reentry. as 

In seven patients during ventricular tachycardia — 
anterograde depolarization of the His bundle occurred _ 
without a change in the QRS comfiguration or cycle . 
length of the arrhythmia (Fig. 2). This observation - 
suggests that the reentrant circuit is confined to an area — 
below the recording site of the His deflection. In addi- — 
tion, in 14 patients random retrograde His potentials 
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FIGURE 1. Case 1. Initiation of ventricular 
tachycardia in presence or absence of bundle 
branch reentry or retrograde His-Purkinje delay. 
From top to bottom are electrocardiographic 
leads II (2) and V, and electrograms from the high 
right atrium (HRA), coronary sinus (CS), His bundle 
area (HBE), right ventricular apex (RVA), left 
ventricular apex (LV) and time lines (T). In panel 
A at a coupling interval (S4-S2) of 290 msec, 
ventricular tachycardia is initiated in the absence 
of retrograde His-Purkinje delay (no V-H prolon- 
gation) or bundle branch reentry. In panel B at a 
coupling interval of 265 msec, ventricular tachy- 
cardia occurs after the development of both ret- 
rograde His-Purkinje delay and bundle branch 
reentry (broad arrow). Random His potentials are 
noted during the tachycardia: In panel A they ap- 
pear with a 2:1 frequency; in panel B there is a 
changing relation with the QRS complex. The site 
of stimulation is the right ventricular outflow tract 
(not shown). 


FIGURE 2. Case 4. Anterograde depolarization of 
the His bundle during ventricular tachycardia. 
From top to bottom are electrocardiographic 
leads | (1), aVF and V, and electrograms from the 
high right atrium (HRA), coronary sinus (CS), His 
bundle area (HBE), right ventricular apex (RVA) 
and time lines (T). Ventricular tachycardia with 
atrioventricular dissociation is present. The first 
atrial impulse conducts through the His bundle but 
fails to alter the tachycardia. 





were observed during the tachycardia. In each of these 
14 patients there was no relation between the appear- 
ance or timing of these His deflections and the rate or 
pattern of the tachycardia (Fig. 1). In the remaining 12 
patients no retrograde His potentials were observed. 
Extent of ventricular participation: Several ob- 
servations suggested that the tachycardia circuit was 
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localized to a small area within the ventricles. In 22 
patients large segments of one or both ventricles could 
be captured by ventricular extrastimuli without effect 
on the tachycardia. In the remaining four patients 
(Cases 2, 6, 7 and 8) hemodynamic or electrical deteri- 
oration, or both, necessitated cardioversion before 
ventricular stimulation could be performed. In each of 
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FIGURE 3. Case 6. Effect of right and left 
ventricular stimulation during ventricular 
tachycardia. From top to bottom are leads 
| (1), aVF and V , and electrograms from the 
high right atrium (HRA), His bundle area 
(HBE), right ventricular apex (RVA), left 
ventricular apex (LVA) and time lines (T). 
Ventricular tachycardia is present at a 
cycle length of 350 msec. In panel A a right 
ventricular extrastimulus (S, arrow) results 
in capture of the right ventricular apex and 
His bundle electrogram and changes the 
QRS configuration. The tachycardia is not 
affected because the left ventricular apical 
electrogram is unaltered. In panel B a left 
1 ventricular stimulus captures the left ven- 
tricular apex and changes the QRS com- 
plex but fails to affect the tachycardia. 
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FIGURE 4. Case 15. Biventricular stimu- 
lation during ventricular tachycardia. From 
top to bottom are electrocardiographic 
leads I (1), aVF, V4, and electrograms from 
the coronary sinus (CS), atrioventricular 
junction (AVJ), right ventricular apex (RVA), 
the lateral edge of a left ventricular apical 
aneurysm (LV-LAT) and time lines (T). After 
two beats of ventricular tachycardia si- 
multaneous right and left ventricular stimuli 
(S, arrow) are delivered at a coupling in- 
terval of 275 msec, resulting in biventri- 
cular capture without effect on the tachy- 
cardia. A full compensatory pause follows 
the extrastimuli. 
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... the 22 patients in whom ventricular stimulation could 


be accomplished during the tachycardia, a single ven- 
tricular premature depolarization was able to capture 
the stimulated ventricle (and in 13 patients part of the 
contralateral ventricle) without terminating the ar- 


| t . rhythmia. In six patients single ventricular premature 


depolarizations from both the right and the left ventricle 
failed to terminate the arrhythmia (Fig. 3). Moreover, 
in five patients simultaneous stimulation of both ven- 
tricles resulting in capture (as defined by earlier than 
expected right and left ventricular electrograms and 
change in QRS configuration) failed to terminate the 
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FIGURE 5. Case 15. Mechanism of protection during ventricular tachycardia. The panel is organized as in Figure 4 except that the left ventricular 
catheter has been moved to within the aneurysm (LV-An) and the electrocardiographic leads are Il (2) and V4. A high right atrial electrogram (HRA) 
_ is also shown. During ventricular tachycardia two right ventricular extrastimuli are delivered, resulting in capture (note the changed QRS complex) 

. without termination of the tachycardia. Continuing activity within the aneurysm is seen despite biventricular capture. However, slight changes in 
ventricular activation have occurred. 
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FIGURE 6. Case 16. Failure of ventricular pacing to alter ventricular tachycardia. The panel is organized as in Figure 3. Ventricular tachycardia 
is present at a cycle length of 350 msec. Right ventricular pacing (arrows) is begun after the fourth complex (upper panel), resulting in ventricular 
capture (change in QRS complex). When pacing is discontinued (bottom panel) the techycardia is still present. During right ventricular pacing the 


electrogram from the left ventricular apex remains unaffected. 
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arrhythmia (Fig. 4). In each instance of single or bi- 


. ventricular capture full compensatory pauses followed 


the stimulated complex, suggesting that the tachycardia 
was unaffected and that the reentrant circuit was not 
penetrated. In one patient repositioning the recording 


-left ventricular catheter to a site within an aneurysm 
provided an explanation for these findings by demon- 
strating continuing uninterrupted activity despite 


capture of other ventricular sites by double ventricular 


_extrastimuli (Fig. 5). In 10 patients ventricular pacing 


resulting in continuous ventricular capture failed to 
terminate the arrhythmia (Fig. 6). In 6 of these 10 pa- 
tients ventricular pacing was incapable of initiating the 
tachycardia; thus the possibility of termination and 
immediate reinitiation of the tachycardia by pacing was 


excluded. 


In 13 patients intermittent partial or complete su- 
praventricular captures occurred without termination 
of the arrhythmia. Each of the complete captures was 


. associated with QRS and H-V intervals comparable 


with those occurring during sinus rhythm (Fig. 7). 
Moreover, in six patients atrial pacing could produce 
continuous supraventricular capture with normalization 
of the QRS and H-V intervals without termination of 
the arrhythmia (Fig. 8). Because atrial pacing could not 
initiate the tachycardia the possibility of termination 
followed by reinitiation was excluded. In addition, in six 
cases sinus captures after delivery of ventricular ex- 
trastimuli during the tachycardia occurred without 
interruption of the arrhythmia (Fig. 9). 


Discussion 
Most episodes of sustained recurrent ventricular 


_ tachycardia are thought to be due to reentry on the basis 





of reproducible initiation or termination, or both.!7? 
Although the reentrant pathways have not been pre- 
cisely characterized in man, it has been suggested that 
they may include the bundle branches or large areas of 
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FIGURE 7. Case 10. Spontaneous supraventricular capture during ventricular tachycardia. From top to bottom are electrocardiographic lead M45 
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the ventricular myocardium, or both.556.11-/3 In con- 
trast, our study suggests that the reentrant circuit is 
both localized and relatively protected. 

Proof that the His bundle and proximal His- 
Purkinje system are not incorporated in the reen- 
trant pathway: Such proof requires demonstration 


that depolarization of these structures has no effecton ; 
the tachycardia. Observations suggesting that the - 


proximal His-Purkinje system did not participate in the 


reentrant circuit included: (1) lack of requisite retro- 
grade His-Purkinje conduction delay for initiation of 
the tachycardia, (2) absence of bundle branch reentry _ 
as a prerequisite for development of the tachycardia, (3) — | 


occurrence of infra-His block of impulses conducted in 


anterograde manner with no effect on the tachycardia, 


and (4) appearance of random retrograde His potentials 


during the tachycardia. If macroreentry involving the — 


proximal conducting system were the mechanism of this 


arrhythmia, consistent His bundle electrograms with - 
a normal or greater than normal H-V interval shouldbe — - 
observed.!4 Recently, Wellens et al.*similarlyconcluded — 
that activation of the His-Purkinje system is a secon- — 
dary phenomenon in the great majority of reentrant 


ventricular tachycardias. 


Several other observations suggested that the 
tachycardia was localized to a small area within the — 
ventricles. These included (1) ability to depolarize — 
prematurely both ventricles either intermittently or — . 
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consistently with ventricular stimulation, and (2) oc- — 


currence of intermittent or persistent supraventricular — 
capture with normalization of the QRS pattern with no. 
effect on the tachycardia. The depolarization and cap- 


ture of large portions of the ventricles with no effect on 


the tachycardia suggests that the reentrant circuit may  — 
be relatively protected but cannot necessarily prove that _ 
the circuit is confined to a small area of the ventricles. | 
However, the production of a QRS complex indistin- | 


guishable from that of sinus rhythm during the tachy- 


pep 





and electrograms from the His bundle (HBE),right ventricular apex (RVA), coronary sinus (CS), distal, mid and proximal left ventricular apex (LVS,), 


LVS, LVS,, respectively) and time lines (T). On the left is a sinus complex (NSR) and on the right ventricular tachycardia (VT) with atrioventricular À 
dissociation is present. After the second complex of ventricular tachycardia a sinus capture occurs, resulting in normalization of the QRS and H-V bie’ 


intervals without interruption of the tachycardia. 
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begun (arrows) during ventricular tachycardia, results in 1:1 supraventricular capture. When pacing is discontinued, the tachycardia immediately resumes. See text. LVsep-a; 


FIGURE 8. Case 10. Failure of continuous supraventricular capture by atrial pacing to terminate ventricular tachycardia. The panel is arranged as in Figure 7. Atrial pacing, 
LV sep-m and LV ep.) = distal, mid and proximal left ventricular apex, respectively. 
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cardia without influence on the arrhythmia suggests 
that the site of reentry must be small and indeed elec- 
trocardiographically silent. If the reentrant circuit were 
composed of a large area of the ventricles, true supra- 
ventricular captures with normalization of the QRS 
complexes would be virtually impossible without ter- 
mination of the arrhythmia. This finding also suggests 
that the QRS configuration during the tachycardia is 
merely a consequence of ventricular activation from a 
circumscribed process. The ability of the tachycardia 
to continue despite atrial or ventricular capture, or both, 
can be termed “concealed reentry,” as suggested by 
El-Sherif et al.15-16 

Role of reentry as mechanism for recurrent 
ventricular tachycardia: Recent evidence has raised 
the possibility that oscillatory afterpotentials may be 
the underlying basis of some triggered arrhythmias.!7-?0 
The ability to distinguish such triggered automaticity, 
which has been described only in vitro under experi- 
mental conditions, from a small reentrant focus is lim- 
ited. However, several lines of evidence suggest that 
reentry is the underlying mechanism for recurrent 
ventricular tachycardia: (1) In the 11 patients in whom 
the tachycardia could be initiated with a single ven- 
tricular premature depolarization there was an inverse 
relation between the coupling interval of the premature 
stimulus and the interval to the first complex of the 
tachycardia. This finding, which is analogous to findings 
in patients with A-V nodal reentrant supraventricular 
tachycardia,?! has not been observed with triggered 
rhythms and supports the hypothesis of reentry. (2) The 
ability to terminate ventricular tachycardia immedi- 
ately with programmed stimulation was demonstrated 
in each of our patients. In published records of triggered 
automaticity usually one to three additional complexes 
follow the extrastimulus that terminates the arrhyth- 
mia.!? (3) Verapamil, which has been demonstrated to 
abolish triggered automaticity,!??9 and propranolol, 
which might potentially antagonize catecholamine- 
dependent triggered automaticity, have not been ef- 
fective in recurrent ventricular tachycardia.?? On the 
other hand, drugs such as procainamide and quinidine, 
which have proved effective in the management of this 
arrhythmia, have not been shown to affect abnormal 
calcium-dependent automaticity.?? (4) In three patients 
we were able to demonstrate that the initiation and 
maintenance of ventricular tachycardia was dependent 
upon fragmentation and conduction delays spanning 
diastole,?4 findings analogous to those of El-Sherif et 
al. in animal preparations.!»16 Such continuous frag- 
mented and fractionated activity strongly supports 
consideration of reentry as the underlying basis for the 
tachycardia. (5) Successful abolition of ventricular 
tachycardia by transmyocardial incision in areas man- 
ifesting slow conduction is most consistent with a 
reentrant basis for the arrhythmia.!!-1? Thus, the bulk 
of evidence still suggests that sustained ventricular 
tachycardia that can be reproducibly initiated or ter- 
minated, or both, with programmed stimulation is due 
to reentry. However, we cannot totally exclude in all 
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FIGURE 9. Case 10. Failure of consecutive ventricular and supraventricular capture to terminate ventricular tachycardia. From top to bottom 
are electrocardiographic leads | (1), aVF and V, and electrograms from the His bundle area (HBE), right ventricular apex (RVA), left ventricular apex 
(LVA) and time lines (T). After three tachycardia complexes two left ventricular extrastimuli (S, arrows) are delivered, resulting in biventricular capture 
followed by a sinus capture (vertical arrow), without termination of the arrhythmia. 


patients triggered automaticity as a mechanism of 
ventricular tachycardia. 

Implications: The use of multiple recordings from 
both ventricles in coordination with programmed ven- 
tricular stimulation during ventricular tachycardia can 
provide insight into the mechanisms of the arrhythmia. 
Using these techniques we have shown that neither the 
proximal His-Purkinje system nor the major portions 
of the ventricles are required to initiate or sustain ven- 
tricular tachycardia. Furthermore, intermittent or 
continuous normalization to supraventricular com- 


plexes without termination of the arrhythmia suggests 
that the site of reentry must be small, electrocardi- 
ographically silent and relatively protected. 
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Aa MUSCLE 


Edited by MARTIN MORAD and MAHMOOL TABATABAI 
Assistant Editor: SUSAN SMITH 


FROM THE PREFACE: .. 

This book is based on the proceedings of the 
first cardiac muscle symposium, held from May 
14-16, 1977 at the Pahlavi University in Shiraz, 
Iran. The symposium was organized in six ses- 
sions and dealt with the following topics: gating 
processes in excitable membranes; ionic trans- 
port mechanisms in the generation of cardiac 
action potential plateau; structure and function 
of the sarcotubular system; excitation-contrac- 
tion coupling in heart muscle; and mechanisms 
of drug action in cardiac muscle. The sym- 
posium began with an opening lecture by Sir 
Andrew F. Huxley titled “On Arguing from One 
Kind of Muscle to Another”. 


CONTENTS: THE ANDREW F. HUXLEY SYM- 
POSIUM LECTURE. A. F. Huxley, On Arguing 
from One Kind of Muscle to Another. GATING 
PROCESS IN EXCITABLE MEMBRANE. C. 
Armstrong, Intramembranous Charge Move- 
ment and Control of Cellular Functions by 
Membrane Voltage. W. K. Chandler et al., Elec- 
trical Properties of Amphibian Slow Muscle 
Fibers. R. H. Adrian, Charge Movement in the 
Membrane of Striated Muscle. B. Hille, Local 
Anesthetic Action on Inactivation of the Na 
Channel in Nerve and Skeletal Muscle: Possi- 
ble Mechanisms for Antiarrhythmic Agents. 
C. M. Armstrong, Models of Gating Current and 
Sodium Conductance Inactivation. 

1978, in preparation ISBN: 0-12-506150-1 
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. Current Fundamental and Clinical Concepts 
Edited by P. J. GAFFNEY and S. BALKUV-ULUTIN 


This broad-based book has three main aims: 
to update recent information on the progress 
made in understanding the various sequential 
mechanisms involved in human fibrinolysis; 
wherever possible, to couch these basic find- 
ings in clinical settings related to well-known 
disease states; and thirdly, to act as an intel- 
lectual bridge between those examining fibri- 
nolysis from a fundamental mechanistic view- 
point and those dealing with the clinical ex- 
pressions of enhanced fibrinolysis. 

1978, 250 pp., $19.65/£9.50 ISBN: 0-12-273050-X 
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PRECAUTIONS 


An implanted pacing lead is a direct path 


to the myocardium for electrical current. 
Extreme caution must therefore be exercised 
inthe use of electrical equipment during the 
operative procedure. Only battery-operated 
instruments and pulse generators should be 
used with pacing leads, since the possibility 
of current leakage in ac-powered devices 
greatly increases the danger of fibrillation. 
Proper grouding of all ac-powered equip- 
ment in the vicinity of the patient is also 
essential. 


Temporary loss of sensing or capture or both 
may occur following implant surgery until fix- 
ation of the lead takes place. The physician 
should also be advised concerning the 
following possible complications: 


# Elevation of stimulation thresholds over 
time can produce loss of capture. 


= The occurrence of infection may indicate 
the need for surgical removal of the lead. 


a Fibrillation can result from irritability of the 
myocardium at the time of implant. 


a Intermittent or continuous loss of sensing 
and/or capture may be caused by lead 
displacement, fracture, or perforation of 
the myocardium. Myocardial perforation 
may also produce muscle or nerve stimu- 
lation in proximate areas. 


a Transvenous introduction of the lead can 
Cause air embolism. 


This list is not intended to be complete, and 
other complications are possible. 
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After you learn 
Holter recording 


At Cardio-Dynamics 
Holter recording isn't just a 
technique, it's a discipline. 





















Whether you're just considering Holter 
recording or are an experienced advocate, there are 
many significant reasons why you should look to 
Cardio-Dynamics for any or all of your Holter 
needs. 

Foremost is our extensive experience — well 
over nine years worth — devoted entirely to all 
aspects of Holter. More than any other company. 
That means we've earned physician trust. Trust that 
no matter whether it's a simple electrode or a 
specially ordered, intricate analysis you're assured 
that the Holter product or service you receive is 
without compromise in any detail. 

Put simply, Cardio-Dynamics offers you more 
than any other Holter company. In fact, there are a 
dozen areas in which we're totally exclusive because 
Cardio-Dynamics is. . . 


Í The only company that manufactures and 
e quality controls the complete line of 
lightweight Holter systems and supplies that it 
provides to physicians 


2 The only company that scans both cassettes 
e and reels from any recorder within 24 hours 
and provides its analyses in standard ECO 

nomenclature 





4 The only company that offers a choice of three 
e different analyses that vary by level of 
complexity and cost to fit individual patient needs 


The only company that has two Holter 
e analysts verify the original analyst’s report 


The only company that provides, upon 
è request, a customized Holter report of just 
those ECG phenomena of specific interest to the 
individual physician 


The only company with a full-time staff of 
e Holter analysts—each a registered cardiac 
aurse who has completed a formal 8-week Holter 
raining program 


The only company with a Holter training 
è program accredited by the California State 
Joard of Nursing 


The only company that has specialists 
e continually checking each incoming 
recording for technical problems and contacting 
the physician to help correct them 


The only company that provides 
€ complimentary in-service training plus 
on-going recorder maintenance consultation 
through its own full-time customer service 
lepartment 
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I would like your local representative to call. 
My telephone number is: 


] The only company with a full-time staff of 


€ Bio-engineers devoted entirely to improving, 


testing and servicing components of all the Holter 
systems it supplies 


11 The only company that has designed and 
e performed sophisticated Holter analyses for 
studies that resulted in new drug FDA approval 


1 The only company with a full-time 
e research staff available for consultation 
regarding clinical studies involving Holter 


Now you know why Cardio-Dynamics is the 
leading company in Holter recording. Why we're 
trusted more often than any other. And why we're 
the first company to talk to about initiating or 
improving your Holter recording capability. 

To learn even more reasons why — including 
the surprisingly reasonable cost — just send us the 


coupon or call TOLL FREE: 800-421-7465 


Cardio-Dynamics 
The most comprehensive 


company in 
Holter recording 


Cardio-Dynamics Laboratories, Inc. 
12401 West Olympic Boulevard 
Los Angeles, California 90064 


Please send me more information about Cardio-Dynamics 
Holter systems, supplies and services. 
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Efficacy thoroughly proved and documented— No other antiarrhythmic 
subjected to such rigidly controlled study prior to introduction. 


Effective in specific ventricular arrhythmias—Indicated in premature 
ventricular contractions (PVCs): unifocal, multifoca! or paired PVCs 


or episodes of ventricular tachycardia (VT). 
Excellent patient tolerance—ln an 


comparative trial, only 8.196 of the 62 
Quinidine dropouts | patients on Norpace dropped out 
35.5% of the 62 patients on quinidine. 
The side effects experienced by 
Norpace patients were mild, transient 
and mainly anticholinergic and 
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Ventricular 
tachycardia 


constipation and blurred vision. 


Paired 


ifocal 
i PVCs 


Multifocal 
VCs PVCs 


Dose-related plasma levels—Plasma levels correlate 
closely with dosage. 


Norpace (disopyramide phosphate) effect on hemodynamics— 
Rarely alters blood pressure significantly at recommended 


doses. May reduce cardiac output by about 10%. 


Before prescribing Norpace (disopyramide phosphate), please consult 
current complete prescribing information, a summary of which follows: 
Indications: Norpace is indicated for suppression and prevention of recur- 
rence of the following cardiac arrhythmias when they occur singly or in 
combination: unifocal premature (ectopic) ventricular contractions; pre- 
mature (ectopic) ventricular contractions of multifocal origin; paired 
premature ventricular contractions (couplets); and episodes of ventricular 
tachycardia (persistent ventricular tachycardia is ordinarily treated with 
D.C. cardioversion). 

Norpace is equally effective in treating the above arrhythmias in both 
digitalized and nondigitalized patients. It is also equally effective in treating 
primary cardiac arrhythmias and those which occur in association with 
organic heart disease including coronary artery disease. Oral Norpace has 
not been adequately studied in patients with acute myocardia! infarction or 
in patients with persistent ventricular tachycardia or atrial arrhythmias and 
is not indicated for arrhythmias due to digitalis intoxication. The value of 
antiarrhythmic drugs in preventing sudden death in patients with serious 
ventricular ectopic activity has not been established. 

Contraindications: Cardiogenic shock, preexisting second- or third-degree 
AV block (if no pacemaker is present), or known hypersensitivity to the drug. 
Warnings: Severe hypotension has been observed primarily in patients 
with primary cardiomyopathy or inadequately compensated congestive 
heart failure. If hypotension develops Norpace should be discontinued 
promptly unless hypotension is due to the arrhythmia. 

Norpace should not be used in the presence of poorly compensated 
or uncompensated congestive heart failure unless it is exacerbated by or 
caused by an arrhythmia and proper treatment including optimal 
digitalization has been accomplished. 


analysis of the side effects in the entire 
study population of the Norpace/ quinidine 


because of side effects compared with 


included dry mouth, urinary hesitancy, 














In patients with marginally compensated heart failure or with a history of 
heart failure, Norpace may worsen cardiac decompensation. Norpace 
dosage should be reduced or discontinued if adequate control of conges- 
tive failure is not attained with appropriate treatment. Patients receiving 
concomitant therapy with more than one antiarrhythmic drug must be 
carefully monitored for serious negative inotropic effects or excessively 
prolonged conduction, evidenced by widening of the QRS complex and/or 
prolongation of the Q-T interval. 

If first-degree heart block develops, the dosage of Norpace should be 
reduced. If the block persists, continuation of Norpace must depend upon 
an assessment of the benefit versus the risk. Development of second- or 
third-degree AV block or uni-, bi- or trifascicular block requires discon- 
tinuation of Norpace, unless the ventricular rate is adequately controlled 
by a pacemaker 

Because of its anticholinergic properties, Norpace should not be used 
in patients with glaucoma, myasthenia gravis or urinary retention, unless 
adequate overriding measures are taken. 

Precautions: lf significant widening (greater than 2596) of the QRS 
complex occurs, Norpace should be discontinued. If Q-T prolongation 
greater than 25% occurs and if ectopy continues, monitor closely and 
consider discontinuing Norpace. 

Patients with atrial flutter or fibrillation should be digitalized prior to 
Norpace administration to ensure that drug-induced enhancement of AV 
conduction does not allow a ventricular rate beyond physiologically 
acceptable limits. 

The effect of Norpace is presently uncertain in patients with sick sinus 
syndrome, Woiff-Parkinson-White syndrome, or bundle branch block. 








The latest information on 
predictive and rehabilitative 


exercise. All in one volume. 


EXERCISE AND THE HEART 

by Nanette K. Wenger, M.D., Cardiovascular 
Clinics Series, Vol. 9, No. 3, 258 pages, 

75 illus. (1978) $35.00 Approx. 

Albert N. Brest, Editor-in-Chief: 

"This book explores broadly the role of exercise 
in the prevention, diagnosis, and treatment of 
heart disease.” It gives you an in-depth look at 
the uses, limitations, and possi- 


Correlation of Exercise Stress Testing with Coronary 
Arteriography — Albert A. Kattus, M.D. and Lenore R. 
Zohman, M.D., Exercise Training (Cardiac Condition- 
ing) after Myocardial Infarction — Jere H. Mitchell, 
M.D., Exercise Prescription (for Apparently Healthy In- 
dividuals and for Cardiac Patients) — John E. Merri- 
man, M.D., Design of a Cardiac Conditioning Program 
— William Haskell, M.D., Update of National Exercise 
and Heart Disease Project — John 





ble medical consequences of 
testing and conditioning. 
EXERCISE AND THE HEART 

is the most comprehensive book 
on the subject. 


Physiology of Exercise — C. Gunnar 









WE 
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Naughton, M.D., Role of Exercise 
after Coronary Bypass Surgery — 
Albert Oberman, M.D., Psychological 
Factors Related to Exercise — 
Thomas Hackett, M.D., Exercise 
Testing, Exercise Training and the 
Law — Elliott Sagall, M.D., Exercise 








Blomavist, M.D., Exercise in the Pre- 
vention of Coronary Heart Disease — Victor 
Froelicher, M.D., Physiologic Basis for Early Ambula- 
tion after Myocardial Infarction — Nanette K. Wenger, 
M.D., Exercise Testing: Methods, Criteria, Indications, 
Limitations — Leon Resnekov, M.D., Diagnostic and 
Prognostic Information Derived from Exercise Testing 
— Myrvin H. Ellestad, M.D., Early Exercise Testing 
after Myocardial Infarction — Robert F. DeBusk, M.D., 


ANOTHER VALUABLE BOOK 

STRESS TESTING: PRINCIPLES 

AND PRACTICE 

by Myrvin H. Ellestad, M.D. 

304 pages, 170 illus. $22.00 

Unexcelled in the diagnosis of unsuspected and 
asymptomatic heart disease, stress testing is also 
indispensable in the assessment and management of 
established disease. Dr. Ellestad provides practical 
information on the physiology of the heart subjected to 
exercise, from the Master's step test to catecholamine 
stress testing. A useful "how to" approach. A valuable 
book for both clinicians and physiologists. 


Testing in Children and Young Adults: 
An Overview — Frederick W. James, M.D., Role of 
Exercise Testing in the Preoperative and Postoperative 
Assessment of Patients with Non-Coronary Heart Dis- 
ease — Robert Schlant, M.D., Arrhythmias During 
Exercise Testing and Exercise Conditioning — Paul 
McHenry, M.D., Holter Monitoring as a Stress Test — 
G. Charles Oliver, M.D. 


A NEW EDITION. EXCELLENT FOR TEACHING STUDENTS. 
ESSENTIALS OF PEDIATRIC CARDIOLOGY 


by James H. Moller, M.D. 

Edition 2, 208 pages, 64 illus. (1978) $10.00 Approx. 
This new, expanded edition retains the author's concise 
and systematic approach to diagnosis and manage- 
ment of cardiac problems in children. Dr. Moller has 
significantly expanded the diagnostic section, includ- 
ing the latest information on techniques such as echo- 
cardiography and angiography. The chapter on manage- 
ment incorporates the problems of the family as well as 
the pediatric cardiac patient. It includes counseling, 
exercise, diet, follow-up care and prophylactic treatment. 


EXAMINE THESE BOOKS, FREE, FOR 30 DAYS. FILL IN AND MAIL THIS COUPON. 


[] EXERCISE AND THE HEART by Wenger. NK. 258 pp/75 illus (1978) $35.00 
[C] STRESS TESTING: PRINCIPLES AND PRACTICE by Ellestad, MH 304 pp 170 illus $22 00 
[] ESSENTIALS OF PEDIATRIC CARDIOLOGY by Moller. JH 
8 pp/ 64 illus (1978) Approx $10 00 
[] CLINICAL ECHOCARDIOGRAPHY by Kotler, MN and Segal. BL 371 pp. 227 illus. (1978) $35 00 
C] HYPERTENSION: MECHANISMS, DIAGNOSIS AND TREATMENT by Onesti, G 
and Brest. AN. 340 pp! 122 illus/ 32 tables (1978) $35 00 


OQ 


[] CLINICAL ELECTROCARDIOGRAPHIC CORRELATIONS by Rios, J 
) 


O pp/ 133 illus. (1977 


| [] CONTROVERSIES IN CARDIOLOGY by Corday, E. 344 pp'67 illus. (1977 $35 00 


O CORONARY BYPASS SURGERY by Rahimtoola, SH. 300 pp; 143 illus (1977) $35.00 
[] PERICARDIAL DISEASES by Spodick, DH 312 pp; 142 illus $32 00 
[] INNOVATIONS IN THE DIAGNOSIS AND MANAGEMENT OF ACUTE MYOCARDIAL 

INFARCTION edited by Brest. AN. Wiener, L, Chung, EK; and Kasparian, H 

336 pp! 124 figs , $32 00 
O CLEVELAND CLINIC CARDIOVASCULAR CONSULTATIONS edited by 

Vidt. DG. 222 pp 65 figs $23.01 
[] DIAGNOSTIC METHODS IN CARDIOLOGY. Guest Editor. Fowler, NO 467 pp/338 figs $35.00 
[] CARDIOVASCULAR DRUG THERAPY. Guest Editor, Melmon, KL 284 pp/72 figs $18.75 
O COMPLEX ELECTROCARDIOGRAPHY 2. Guest Editor, Fisch, C. 334 pp' 181 figs $22 50 
[] COMPLEX ELECTROCARDIOGRAPHY 1. Guest Editor, Fisch. C 332 pp/ 205 figs $22 50 
C] PEDIATRIC CARDIOLOGY. Guest Editor, Engle. MA 380 pp’ 144 figs $15.00 





Please send the books | have indicated. If I'm not satisfied, | may 
return the books, in good condition, within 30 days. There will be a 
nominal charge for postage and handling 
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Real time saves time 


And gives your cardiac imaging another dimension. 
Your needs as a Cardiologist are as special as the field in 
which you work. You re not looking for instruments 
adapted from other disciplines and you dont require costly 
techniques passed on from other specialists. Picker 
Ultrasound created two totally new diagnostic systems for 
the Cardiologist. Pickers System 80C gives you M-mode 
strip charts of extreme accuracy. And our Cardiac Imager 
adds to that the ability to view the heart in real time, in 
two dimensions. With this second dimension, echocardi- 








ography has come of age. 
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Courtesy of New York University Medical Center, New York, New York. Picker System 80C and Cardiac Imager are UL Listed. 





noney and hearts. 


80C. Seeing what you need to see, where you 

need to see it. Pickers System 80C delivers M-mode 
strip charts that combine cardiac image enhancement at 
various depths of the heart structure with ECG, pulse, 
and phonocardiogram. DSA™ (Depth Selective Ampli- 
fication) provides optimum gain settings for each cardiac 
structure. It gives you records that are clear, concise, and 
intensely accurate. 80C is compact, stable, and mobile. 
Your diagnostic capabilities in the CCU, ICU, or ER are 
immediately expanded with 80C. 


Long axis view of left ventricle and Short axis view of aortic valve showing 
aortic root. bicuspid configuration in systole. 
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Cardiac Imager. The added dimension is dimension. Real-time 
naging adds impressive speed to your diagnosis. Pickers Cardiac 
nager adds two-dimensional imaging to your basic M-mode System 
OC with a wide range of transducer frequencies at a price you can 
fford. With System 80CI you can rapidly assess a wide range of 
ardiac dysfunctions. Pickers Cardiac Imager provides the measure- 
vents you need and the accuracy you must have. 

We're committed to cardiology. Whatever the future dimen- 
ons of echocardiography, you can depend on Picker to remain 
t the forefront. Our interests are many and our talents broad, 
ut the field of cardiology and the needs of the Cardiologist 
stain a top priority at Picker. In devising our System 80C and our 
ardiac Imager, we leaned heavily upon the views of noted Cardiologists 
round the nation. In evaluation after evaluation, we learned from Cardiologists. For more 
formation on our echocardiography systems or our CIT Financial Corporation services 


or financing your Picker investment, write 


icker Corporation, 12 Clintonville Road, Northford, CT 
finer Road, Cleveland, OH 44143. ONE OF THE CIT COMPANIES 





6472 (203/484-2711), or Picker International, 595 





Announcing 


THE 
PRE-EXCITATION SYNDROME: 
FACTS AND THEORIES 


in Cardiology... 


LIBI SHERF, MD 
HENRY N. NEUFELD, MD 


YORKE MEDICAL BOOKS 





the first comprehensive study of... 
the most fascinating syndrome 


THE : 
PRE-EXCITATION SYNDROV 


FACTS AND THEORIES 


Libi Sherf, MD, FACC 


Assoc. Professo r of Cardiology, Heart Institute, Chaim Sheva Medical Center, Tel 
Hashomer, Univer. of Tel Aviv—Sackler School of Medicine, and Visiting Assoc. 
Professor, Dept. of Medicine, University of Alabama 


Henry N. Neufeld, MD, FACC 


Professor of Medicine and Chaim Sheba Professor of Cardiology, Chief Heart 
Institute, Chaim Sheba Medical Center, Tel-Hashomer, University of Tel 


Aviv—Sackler School of Medicine 


$33.00 
SEPTEMBER 1978, 288 PAGES, 110 ILLUS, 1,000 REF. 





Every Cardiologist, Internist, Pediatrician, Surgeon — Indeed, Every Physi- 
cian — Should Have a Good Basic Knowledge of The Pre-excitation Syn- 
drome. Here Are Just a Few Reasons Why This is so Essential: 


.] Vs of all pre-excitation cases are misdiagnosed. 

1] 5% to 10% of all tachycardias in adults are produced by pre-excitation. 

.] In Ve of all infants under 10 months of age with life-threatening tachycar- 
dias, the tachycardias are actually secondary to pre-excitation. 

(] V3 to V» of all children with pre-excitation have an additional heart dis- 

ease. 


Starting with Wolff, Parkinson and White's classic paper, this book gives a 
comprehensive summary of all important facts of pre-excitation, plus the 
authors personal experiences of follow-up studies of patients through 
many decades. It also brings a broad view of the literature and discusses 
the different structural and physiological aspects which form the 
pathomechanism of pre-excitation. 


The 13 Chapters Are a Comprehensive Summ 


. General Considerations 
. The Electrocardiogram in the Pre-excité 


Syndrome: Complexes and Configurations 


. The Electrocardiogram in the Pre-excite 


Syndrome: Disturbances of Rate and Rhyt 
Pathology 


. Noninvasive Methods of Investigation 


Invasive Methods of Investigation 


. Prognosis 
. Treatment 


Problems of Diagnosis — Some Illustr: 
Cases 

summary of Findings and Theories of 
excitation Syndrome 


. Concept of Interacting Structural and F 


tional Factors 


. Explanation of Some Phenomena of the 


excitation Syndrome by the Proposed Con 


. Various QRS Patterns in the Different Fc 


of Pre-excitation 








"What is offered richly in this book is a methodical and comprehensive analysis of 
virtually all currently available knowledge on the subject. This is done with an admirable 
even-handedness, dealing objectively with all viewpoints but at the same time eval- 
uating relative strengths and weaknesses of each observation and hypothesis. There is 
brought a wisdom here which only time and experience can provide. The encyclopedic 
references alone would make the book invaluable to anyone seriously interested in the 
Wolff- Parkinson-White syndrome. But when: knowledgeable discussion and persona: 
observations are added, it is genuinely a monumental contribution to clinical cardiology 
and cardiac electrophysiology. ` 


Thomas N. James, MD 

The Mary Gertrude Waters Professor of Cardiology 
and Chairman of the Dept. of Medicine, 
The University of Alabama, Birmingham, anc 
Physician-in-Chief, Univ. of Ala. Hospitals 


AJC-9/7t 


Obtain your copy of 

THE PRE-EXCITATION SYNDROME 
on approval for 30 days 

by sending in 

the order form TODAY 


Yorke Medical Books, 666 Fifth Avenue, New York, N.Y. 10015 


PULSE WIDTH 


NARROW WIDE 
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MMABLE PACING SYSTEM . 
BACK IO YOU 


LITHICRON-F 
PACER PROGRAMMER 


FUNCTIONALLY AND 
ESTHETICALLY 


SUPERIOR 


Beautifully designed...lightweight... 
compact...cordless...non-invasive 
..latest in electronic programming 
(non-magnetic)... provides information 
directly from the pacer...relays new 
commands from the physician. 

Supplies accurate digital readout of 
actual pacer rate and pulse width... provides 
sensitivity adjustment capability for 
problem cases...simply select new 
operating parameters, transmit the data, 
and the pacer is reprogrammed. 

Powered by rechargeable battery or 
A.C. operation via the charger... permits 
freedom of movement in the office, 
treatment room or operating room... 
eliminates danger from electrical grounding 
hazards...can be used to check the 
pacemaker prior to implantation while 
still in its sterile package. 





Ingenious, functionally designed 
programmable pacemaker...“talks” with 
the Lithicron-F Programmer...relays 
information about pacer rate and pulse 
width...responds instantly to commands 
given through the programmer. 

Assembled from ultra-high reliability 

9 components... CMOS hybrid circuitry 
increases reliability and reduces pacer 
size... biocompatible titanium case... 
redundant hermetic sealing (power cell 

ET and electronics individually hermetically 
1 sealed within outside case)...not 
susceptible to external interference... 
potential longevity ranges to 15 years 
depending on lead, pacing rate and pulse 
width setting. 








TO COMPLETE THE REHABILITATION PROGRAM... 


PACER-CHECK SYSIEM 
FOR TRANSTELEPHONIC 
PACER FOLLOW-UP 


The ESB Medcor Pacer-Check 
System enables the physician to evaluate 
pacer performance and other patient dat 
by means of a conventional telephone. 

The Pacer-Check System consists of 
two components: a portable patient 
transmitter and a physician’s receiver. 
The receiver provides an ECG strip 
indicating pacer artifacts for determinati 
of capture and sensing. In addition, a 
digital readout of the pacer rate, interval 
and pulse width is displayed. 

The Pacer-Check Monitoring Syste 
provides the clinician with accurate and 
timely data by phone in order to provide 
maximum pulse generator longevity, 
detection of pacemaker malfunction, 
prevention of premature pulse generator 
replacement, and promotion of patient 
safety. 

For additional information about an 
of the ESB Medcor systems contact your 
ESB Medcor representative or call: 


ESB Medcor, Inc. 


5920 Rodman Street 
Hollywood, Florida 33023 


Telephone: 800-327-9780 (toll-free*) 
*Florida residents please call 305-966-5900 


288 
© 1977 ESB Medcor Inc 





But none really 
compare! 
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.|2 new and much-needed 


texts in your field. 


CLINICAL NUCLEAR CARDIOLOGY 


Edited by Robert W. Parkey, M.D., Professor and Chairman of Radiology, 
Chief of Nuclear Medicine; Frederick J. Bonte, M.D., Professor of Radiology, 





- Dean, Southwestern Medical School. L. Maximilian Buja, M.D., Associate 


Professor of Pathology; and James T.Willerson, M.D., Professor of 
Medicine, Chief of Cardiology Service, and Director of Ischemic Heart Center, 
all at the University of Texas Health Sciences Center at Dallas, and Parkland 


E Memorial Hospital, Dallas, Texas 


-~ | Experts in the field describe and inform you which techniques should be 
| employed for investigating and diagnosing various forms of heart disease. 


CONTENTS: 


_ | INTRODUCTION. 


PHYSICS AND INSTRUMENTATION. 
- RADIOPHARMACEUTICALS IN NUCLEAR CARDIOLOGY. 
MYOCARDIAL BLOOD FLOW MEASUREMENTS. 


| PERFUSION MYOCARDIAL IMAGING: THALLIUM-201 


MYOCARDIAL PERFUSION IMAGING FOLLOWING DIRECT INTRACORONARY 
INJECTION 


| DETECTION OF ACUTE MYOCARDIAL INFARCTS USING MYOCARDIAL 


SCINTIGRAPHIC TECHNIQUES. 

COMBINED HOT SPOT TECHNETIUM-99M AND COLD SPOT THALLIUM-201 
IMAGING TO DETECT OVERALL MYOCARDIAL INJURY. 

MYOCARDIAL IMAGING AFTER CARDIAC SURGERY. 


| CAUSES OF NECROSIS OTHER THAN INFARCTION: MYOCARDIAL TRAUMA. 


SCINTIGRAPHIC METHODS FOR SIZING MYOCARDIAL INFARCTION. 
PATHOPHYSIOLOGY OF MYOCARDIAL SCINTIGRAPHY. 

TRANSMISSION AND EMISSION COMPUTED TOMOGRAPHY OF THE HEART. 
QUALITATIVE BLOOD POOL IMAGING. 


- | ASSESSMENT OF MYOCARDIAL FUNCTION USING RADIONUCLIDE 


.. TECHNIQUES. 
1978 450 pp. (est.) Illus. 


NONINVASIVE APPROACHES TO 
CARDIOVASCULAR DIAGNOSIS 


Alfred F. Parisi, M.D., Chief, Cardiology Section, USVA Hospital, W. Rox- 
bury, Mass., Associate Professor ot Medicine, Harvard Medical School; and 


A1146-8 $30.00 


| Donald E. Tow, M.D., Chief, Nuclear Medicine, USVA Hospital, W. Roxbury, 
| Mass., Associate Professor of Radiology (Nuclear Medicine), Harvard 
| Medical School 


A problem-oriented monograph covering the usefulness and limitauons of 
non-invasive procedures used to investigate the potential manifestations of 
heart disease. 


CONTENTS: 


|. PRELIMINARY CONSIDERATIONS. 
. INTRODUCTION. 
METHODS. 
ASSESSMENT OF VENTRICULAR FUNCTION. 
I. SPECIFIC DISEASE PROCESSES. 
CORONARY ARTERY DISEASE. 
VALVULAR HEART DISEASE. 
CARDIOMYOPATHIES. 
CONGENITAL HEART DISEASE. 
PERICARDIAL DISEASE. 
VENOUS THROMBOSIS AND PULMONARY EMBOLISM. 
MISCELLANEOUS CONDITIONS. 
Ill. FURTHER CONSIDERATIONS. 
VALIDATION OF NON-INVASIVE TESTS. 
A LOOK TO THE FUTURE. 


1978 250 pp. (est.) illus. A6953-2 Paper $15.00 


To order one or both of these titles, write: 
APPLETON:CENTURY-*CROFTS, Medical/Nursing 


Publishers, Dept. SK, 292 Madison Avenue, New York, NY 10017 


Or phone: (212) 532-1700. 


* 


Appleton e Century eCrofts 


Medical/Nursing Publishers 
292 Madison Avenue, New York, New York 10017 
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ALDACTONE® 


(spironolactone) 25 mg. tablets 


WARNING . 

Spironolactone has been shown to be a tumorigen in chronic toxicity studies in 
— ~~? rennes . Aldactone should be used only in those conditions 
under In 





c 
tions. Unnecessary use of this drug should be avoided. 


Indications: Diagnosis and treatment of primary hyperaldosteronism. Essential — . 


hypertension, edema of congestive heart failure and the nephrotic syndrome, when other 
measures are considered inappropriate. Cirrhosis of the liver accompanied by edema 
and/or ascites. INT: 

Contraindications: Anuria, acute renal insufficiency, significant impairment of renal 
function, or hyperkalemia. / 

Warnings: Excessive potassium intake ert hyperkalemia. Potassium sup- - 
plements should not be given with Alcactone. Do not administer concurrently with other 
potassium-sparing diuretics. 

Spironolactone has been shown to be a tumorigen in chronic toxicity studies in rats. In 
one study using 25, 75, and 250 times the usual daily human dose (2 mg./ kg.) there wasa - 


Statistically significant dose-related increase in benign adenomas of the thyroid and testes. _ d ' 


in female rats there was a statistically s:gnificant increase in malignant mammary tumors at 
the mid-dose only. In male rats there wes a dose-related increase in proliferative changes in 
the liver. At the highest dosage level (500 mg./kg.) the range of effects included 
hepatocytomegaly, hyperplastic nodules and hepatocellular carcinoma; the last was not 
statistically significant. 

Precautions: Patients should be carefully evaluated for possible disturbances of fluid 
and electrolyte balance. Hyperkalemiamay occur in patients with impaired renal function or 
excessive potassium intake and can cause cardiac irregularities which may be fatal. 
Hyponatremia may be caused or i oa especially when Aldactone is administered in 
combination with other diuretics. Tramsient elevation of BUN and/or mild acidosis may 
occur. Aldactone potentiates the effect of other diuretics or antihypertensive agents, 
particularly ganglionic blocking agents: therefore the dosage of such drugs should be 
reduced by at least 50 percent when adding Aldactone. Gynecomastia may develop and in 
rare instances some breast enlargement may persist. Vascular responsiveness to 


' morepinephrine may be reduced. 


Spironolactone may cross the placental barrier. Use in pregnant women requires that the 
anticipated benefit be weighed against possible hazard to the fetus. Breast feeding should 
be discontinued when Aldactone is bemg used. 

Adverse Reactions: Gynecomastie is observed not infrequently. Gastrointestinal symp- 
toms including cramping and diarrhea. drowsiness, lethargy, headache, maculopapular or 
erythematous cutaneous eruptions, uricaria, mental confusion, drug fever, ataxia, inability 
to achieve or maintain erection, irregular menses or amenorrhea, postmenopausal 
bleeding, hirsutism and deepening of the voice. Carcinoma of the breast has been reported 
but a cause-and-effect relationship has not been established. Adverse reactions are 
usually reversible upon discontinuation of the drug. 

Dosage and Administration 

For primary hyperaldosteronism: 400 mg. daily for three to four weeks (long test), or 
tor four days (short test). For preparation for surgery or for long-term maintenance therapy, 
100 to 400 mg. daily. 

For edema in adults: Initial daily dosage is 100 mg. in divided doses but may range from 
?5 to 200 mg. daily. If after five days an adequate diuretic response has not occurred, a 
second diuretic which acts more proximally in the renal tubule may be added. The dosage 
of Aldactone should remain unchanged when other diuretic therapy is added. 

For edema in children: Initial dailv dosage should provide approximately 1.5 mg. per 
pound of body weight (3.3 mg./kg.) insdivided doses. 

For essential hypertension: Initia! adult daily dosage of 50 to 100 mg. in divided doses, 
alone or with diuretics which act more proximally in the renal tubule, or with other 
antihypertensive agents. Continue treatment for at least two weeks since maximal 
'esponse may not occur before this time. Adjust subsequent dosage according to patient 
response. 

or hypokalemia: 25 to 100 mg. daily in divided doses. 


Searle & Co. 

San Juan, Puerto Rico 00936 
Address medical inquiries to: 
G.D.Searle&Co. _ 
Medical Communications Dept. 


Box 5110 
Chicago, Illinois 60680 719 
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The Delicate Balance. 


Unfortunately, Fortunately, 





electrolyte imbalance concomitant diuretic therapy 

is often a problem during with Aldactone* (spironolactone) 
digitalis therapy. can help maintain the | 

And most diuretics delicate electrolyte balance... — 

worsen the problem. when other measures won't do. — 


Despite its therapeutic value in congestive heart 
failure, digitalis has a narrow margin of safety and 
toxic levels produce an effect on electrolytes which 
increases intracellular sodium and decreases intra- 
cellular potassium, thereby slowing conduction 
in cardiac tissues. At the same time, because CHF 
encourages sodium build-up and consequent 
edema, concomitant use of diuretics is often indi- 
cated. (4 Use of most diuretics 
can increase problems for the 
patient on digitalis, and exces- 
sive loss of potassium caused 
by potent diuretics is a fre- 
quent cause of digitalis toxic- 
ity. 12 Potassium depletion 


Consider these benefits in avoiding the problems 
associated with digitalis therapy: Aldactone provides 
gradual and sustained diuresis . . works through a 
unique mechanism by which it competes for aldo- 
sterone receptor sites to normalize body potassium, 
and consequently prevents hypokalemia with limited 
risk of hyperkalemia®”. . . does not adversely affect 
serum calcium, magnesium and uric acid levels or 
glucose tolerance." 

[3 Aldactone is indicated for 
management of edema and 
sodium retention in those pa- 
tients with congestive heart 
failure who are taking dig- 
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italis, or in the treatment or | 

sensitizes the myocardium to prevention of hypokalemia in 

digitalis and can set the stage patients taking digitalis, 

for serious cardiac arrhyth- 8 i — — hen other measures are 

mias even with normal considered inadequate or 3 

dosage.? g Clearly, any inappropriate. > When E 

diuretic choice should be diuretic therapy is indicated, j 
carefully analyzed for its prescribe Aldactone to help 

effectonelectrolytebalance. i k ; 


preserve the delicate bal- ; 
ance of electrolytes during — 
digitalis therapy. 


Thiazides, for example, 
can induce hypokalemia, 
hypercalcemia, hypomag- 
nesemia, and hypophos- 
phatemia.^ They can also 


1. Kirkendall, W.M.: What's With "i uad These ; | 
Days? Consultant 11:13-15 (Jan.) 1971 ASR 
2. Maronde, R.F.; Milgrom, M. and Dickey, J.M.: 

Potassium Loss with Thiazide Therapy, Am. Heart J. 





——— " 78:16-21 (July) 1969 
. . V——— — 3. Cardiac Glycosides, Section 4, in Kastrup, E. K. 
decrease uric acid excre- (Editor): Facts and Comparisons, St. Louis, Facts and | 
. ; . Comparisons, Inc., Jan. 1975. pp. 140-141C 
tion and impair glucose 4. Weibert, R. T.: Heading Off Adverse Reactions. 3 
Thiazide Diuretics, Curr. Prescr. 3:62-69 (Oct.) 1977. | 
tolerance. In treatment 9. Mudge, G. H., Diuretics and Other Agents Em- 
. . ployed in the Mobilization of Edema Fluid, Chapter : 
with furosemide, t00, 39, in Goodman, L. S. and Gilman, A. (Editors): The = — 
. . Pharmacological Basis of Therapeutics, ed. 5., New 4 
fluid and electrolyte im- York, Macmillan Publishing Co., Inc.. 1975, pg. 836. 
. 6. Laragh, J. H.: Diuretics in the Management of p. 
balance IS the most ria ia Failure, Hosp. Pract. 5:43-50 | 
$ i | 
common form of 7. Tobian, L-J., Jr.: The Clinical Approach to Essen- 
14 +s 5 tial Hypertension, Hosp. Pract. 10:33-44 (July) 
clinical toxicity. 1975 





Aldactone 


(spironolactone) 25 mg. tablets 3 


Before prescribing, please consult the complete prescribing information, a brief summary of which follows. " 
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Announces 1979 


Research Grants 








American Egg Board 











For support of studies on the role of eggs in 


Grants-in-aid wil! be made 
for research projects 
requiring one to three 
years, to non-profit institu- 
tions. Awards will be made 
on the basis of scientific 
excellence and pertinence 
to the research program of 
the American Egg Board 
and are subject to approval 
of the United States Depart- 
ment of Agriculture. Studies 
of the relationship of eggs 
and egg products in the diet 
to serum lipids and lipo- 
proteins in man and to 
experimental atherogenesis 
in properly chosen animal 
models will be looked on 
with favor. Applicants must 
possess either the Ph.D. or 
M.D. degree. 


The proposals submitted to 
the American Egg Board 
will be reviewed by a 
Scientific Review Panel for 
scientific excellence in 
competition with each other. 
This committee, serving asa 
study section, will critically 
review each application and 
record approval or disap- 
proval. Those approved will 
be ranked according to a 
priority number ranging 
from 100 (highest) to 499 
(lowest). 


The Scientific Review Panel 
has been selected from a 
group of scientists active in 
biomedical fields relevant 
to the research program of 
the American Egg Board. 
Members are: 


Elliot Rapaport, M.D., 
Chairman 

Professor of Medicine 
University of California, 
San Francisco 

San Francisco 

General Hospital 


Jack Geer, M.D. 
Professor of Pathology 
University of Alabama at 
Birmingham 


Tavia Gordon, A. B. 
National Institutes of 
Health 

National Heart & 
Lung Institute 


Antonio Gotto, M.D. 
Professor of Medicine 
Baylor College of 
Medicine 

The Methodist Hospital 


Scott Grundy, M.D. 
Professor of Medicine 
University of California, 
LaJolla and Veteran's 
Administration Hospital 


human nutrition and related basic problems. 


Ralph Holman, Ph.D. 
Professor of Biochemistry 
and Director of Hormel 
Institute 

University of Minnesota 


Adrian Ostfeld, M.D. 
Lauder Prof. of Epide- 
miology and Public Health 
Yale University 

School of Medicine 


Robert Shank, M.D. 
Professor of 
Preventive Medicine 
Washington University 
School of Medicine 


Application Deadline: 
October 1, 1978 


For further information 
write or call: 


Mr. Louis B. Raffel 
Executive Vice President 
American Egg Board 
1460 Renaissance Drive 
Suite 301 

Park Ridge, IL 60068 
Telephone (312) 296-7044 
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TO RECORD 

e PRESSURE AT SOURCE 
e TRUE WAVEFORMS 

* PHONOCARDIOGRAMS 


PRESSURE SENSOR 
FEATURES 


* THERMAL STABILITY 
e EXCELLENT LINEARITY 
* HIGH NATURAL FREQUENCY 


Millar MIKRO-TIP* Catheter Pressure Transducers 
are available in a variety of configurations. Catheter 
French sizes are from 4F to 8F. One, two or three 
pressure sensors may be spaced along a single 
catheter, some with lumen for blood sampling or 
with lumen for high speed injection. 
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Catheter Velocity / 
Pressure Transducer 





TO RECORD 

e FLUID VELOCITY 

e PRESSURE AT SOURCE 
* PHONOCARDIOGRAMS 


VELOCITY SENSOR 
FEATURES 


* LINEAR STABLE OUTPUT 
* LOW POWER DISSIPATION 
* BIDIRECTIONAL MEASUREMENT 


Millar MIKRO-TIP* Catheter Velocity/Pressure 
Transducers are available in a variety of 
configurations. Catheter French sizes are from 6F 
to 8F. One electromagnetic fluid-velocity sensor 
and one or two pressure sensors may be spaced 
along a single catheter. In the size 8F catheter 


only, a pressure sensor may be placed at the same 
location as the fluid-velocity sensor. 


P. O. Box 18227 
(6001 Gulf Freeway) 
Houston, Texas 77023 U.S.A. 
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oO surpasses nonstabilized nitroglycerin 
formulations. ..nonvolatile fixing agent 
in formulation helps retain potency 

o average assay of Nitrostat still | 
shows almost 100% of label claim more - 
than 30 months after manufacture* 
to assure that your patient is not taking 
a superpotent or, more important, 

a subpotent tablet 

o available in packages of 4x25s and in 
bottles of 100 tablets 

o more than 700 million tablets of 
Nitrostat sold during the past five years 

“Data on file, Medical Department, Parke, Davis & Company, Detroit. 
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Combipres in hypertension 


Combipres works efficiently, smoothly. 
Brings blood pressure down...keeps it down over the long-term: 


Life therapy ...not life sentence 


91% of patients tolerated it well in clinical trials. 

Low incidence of impotence, depression, orthostatic hypotension. 

Its most common side effects are dry mouth, drowsiness, and seda- 
tion. They tend to diminish with continued use, and may be alleviated 
by giving the larger portion of the divided dose at bedtime. 


Combipres "E 


Each tablet contains 
(97-1 To] GS (clonidine hydrochloride) 
0.1 or 0.2 mg. and chlorthalidone, 15 n 


There’s a future i in it. 


Please see brief summary of the prescribing information on last page of this ad 
precautions, and adverse reactions 


As with other antihypertensives containing diuretic agents, hypokaler 
hyperuricemia, and hyperglycemia may occur 


Combit sis nol indicated for initial therapy of hypertension. See ł 
warning on ne xt page 








. Each tablet contains: 
— . Catapres* (clonidine hydrochloride) 0.1 or 0.2 mg, 
. and chlorthalidone, 15 mg 


in hypertension 


Warning: This fixed combination drug is not 
indicated for initial therapy of hypertension. 
Hypertension requires therapy titrated to the 
individual patient. If the fixed combination rep- 
resents the dosage so determined, its use 
may be more convenient in patient manage- 

. ment. The treatment of hypertension is not 
static, but must be reevaluated as conditions 
in ona patiens warrant. 
















. Indication: The drug is indicated in the treatment 
E eese (see box warning). 

. Contraindications: Patients with known hyper- 

. Sensitivity to chlorthalidone and patients with se- 
à vere renal or hepatic diseases. 
— Warnings: Tolerance may develop in some in- 
_ stances necessitating a reevaluation of therapy. 
— A Usage in Pregnancy: In view of embryotoxicity 
findings in animals, and since information on pos- 
— Sible adverse effects in pregnant women is limited 
| E uncontrolled clinical data, the drug is not rec- 
mmended in women who are or may become 
regnant unless the p. »ntial benefit outweighs 
- the potential risk to mc ier and fetus. 
— Usage in Children: No clinical experience is avail- 
E able with the use of Combipres in children. 
'recautions: When discontinuing Combipres, re- 
T duce the dose gradually over 2 to 4 days to avoid 
Ki -a possible rapid rise in blood pressure and as- 
sociated subjective symptoms suchas nervous- 
. ness, agitation, and headache. Patients should be 
instructed not to discontinue therapy withcut con- 
"Ae sulting their physician. Rare instances of hyper- 
tensive encephalopathy and death have been re- 
corded after cessation of clonidine hydrochloride 
therapy. A causal relationship has not been estab- 
lished in these cases. It has been demonstrated 
.. that an excessive rise in blood pressure, should it 
occur, can be reversed by resumption of Com- 

— bipres therapy or by intravenous phentolamine. 

— Patients who engage in potentially hazardous ac- 
» A tivities, such as operating machinery or driving, 
-- should be advised of the sedative effect of the 
— clonidine hydrochloride component.This drug may 
- A enhance the CNS-depressive effects of alcohol, 

-~ barbiturates and other sedatives. Like any other 
antihypertensive agent, Combipres should be 
= used with caution in patients with severe coronary 
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insufficiency, recent myocardial ‘infarction, cere- 
brovascular disease or chronic renal failure. 

As an integral part of their overall long-term care, 
patients treated with Combipres should receive 
periodic eye examinations. While, except for some 
dryness of the eyes, no drug-related abnormal 
ophthalmological findings have been recorded 
with Catapres, in several studies the drug pro- 
duced a dose-dependent increase in the incidence 
and severity of spontaneously occurring retinal 
degeneration in albino rats treated for 6 months or 
longer. 

Patients predisposed toward or affected by dia- 
betes should be tested periodically while receiving 
Combipres, because of the hyperglycemic effect 
of chlorthalidone. 

Because of the possibility of progression of renal 
failure, periodic determination of the BUN is indi- 
cated. If, in the physician's opinion, a rising BUN 
is significant, the drug should be stopped. 

The chlorthalidone component of Combipres may 
lead to sodium and/or potassium depletion. Mus- 
cular weakness, muscle cramps, anorexia, 
nausea, vomiting, constipation, lethargy or mental 
confusion may occur. Severe dietary salt restric- 
tion is not recommended in patients receiving 
Combipres. 

Periodic determinations of the serum potassium 
level will aid the physician in the detection of 
hypokalemia. Extra care shoulc be given to detec- 
tion of hypokalemia in patients receiving adrenal 
corticosteroids, ACTH or digitalis. Hypochloremic 
alkalosis often precedes other evidence of severe 
potassium deficiency. Frequently, therefore, more 
sensitive indicators than the potassium serum 
level are the serum bicarbonate and chloride con- 
centrations. Also indicative of potassium depletion 
can be electrocardiographic alterations such as 
changes jn conduction time, reduction in 
amplitude of the T wave; ST segment depression; 
prominent U wave. These abnormalities may ap- 
pear with potassium depletion before the serum 
level of potassium decreases. To lessen the pos- 
sibility of potassium deficiency, the diet, in addition 
to meat and vegetables, should include 
potassium-rich foods such as citrus fruits and 
bananas. If significant potassium depletion should 
occur during therapy, oral potassium supplements 
in the form of potassium chloride (3 to 4.5 gm/ 
day), fruit juice and bananas should be given. 
Adverse Reactions: The most common reactions 
are dry mouth, drowsiness and sedation. Consti- 
pation, dizziness, headache, and fatigue have 
been reported. Generally these effects tend to di- 
minish with continued therapy. 

Clonidine hydrochloride: Anorex:a. malaise, 
nausea, vomiting, parotid pain. mild transient ab- 
normalities in liver function tests. one case of 
possible drug-induced hepatitis without icterus and 
hyperbilirubinemia in a patient receiving clonidine 
hydrochloride, chlorthalidone and papaverine hy- 
drochloride. Weight gain, transient elevation of 
blood glucose, or serum creatine phosphokinase; 
congestive heart failure, Raynauc s phenomenon; 
vivid dreams or nightmares, insomnia, other be- 
havioral changes, nervousness, restlessness, anx- 
iety and mental depression. Also rash, angio- 
neurotic edema, hives, urticaria, thinning of the 
hair, pruritus not associated with & rash; impo- 
tence, urinary retention; increasec sensitivity to 
alcohol, dryness, itching or burning of the eyes, 
dryness of the nasal mucosa, paller, gynecomas- 
tia, weakly positive Coombs’ test, asymptomatic 
electrocardiographic abnormalities manifested as 
Wenckebach period or ventricular trigeminy. 
Chlorthalidone: Symptoms such as nausea, gas- 
tric irritation, anorexia, constipation and cramping, 
weakness, dizziness, transient myopia and rest- 
lessness are occasionally observed. Headache 
and impotence or dysuria may occur rarely. Or- 
thostatic hypotension has been reported and may 
be potentiated when chlorthalidone is combined 
with alcohol, barbiturates or narcotics. Skin 
rashes, urticaria and purpura have been reported 
in a few instances. 

A decreased glucose tolerance evidenced by 
hyperglycemia and glycosuria may develop incon- 
sistently. This condition, usually reversible on dis- 
continuation of therapy, responds te control with 
antidiabetic treatment. Diabetics and those pre- 
disposed should be checked regularly. 

As with other diuretic agents hypokalemia may 
occur (see Precautions). Hyperuricemia may be 
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have been precipitated. In cases where prolonged 
and significant elevation of blood uric acid con- 
centration is considered potentially deleterious, 
concomitant use of a uricosuric agent is effective 


in reversing hyperuricemia without loss of diuretic 


and/or antihypertensive activity. 

Idiosyncratic drug reactions such as aplastic 
anemia, thrombocytapenia, leukopenia, agranulo- 
cytosis, and necrotizing angiitis have esum | 
but are rare. 

The remote possibility of pancreatitis Should Be 
considered when epigastric pain or ENE H 
gastrointestinal symptoms develop after Nit 
administration. 

Other adverse reactions which have been re- 
ported with this general class of compounds in- 
clude: jaundice, xanthopsia, paresthesia and 
photosensitization. 

Overdosage: Catapres (clonidine hydrochloride): 
Profound hypotension, weakness, somnolence, 
diminished or absent reflexes and vomiting fol- - 
lowed the accidental ingestion of Catapres by © 
several children from 19 months to 5 years of 
age. Gastric lavage and administration of an 
analeptic and vasopressor led to complete recov- 
ery within 24 hours. Tolazoline in intravenous _ 
doses of 10 mg at 30-minute intervals abolishes 
all effects of Catapres overdosage. 
Chlorthalidone: Symptoms of overdosage include 
nausea, weakness, dizziness, and disturbances of 
electrolyte balance. There is no specific antidote, 
but gastric lavage is recommended, followed by 
supportive treatment. Where necessary, this may 
include intravenous dextrose and saline with 
potassium administered with caution. 

How Supplied: Combipres* 0.1 (Each tablet con- 
tains clonidine hydrochloride 0.1 mg + chlor- 
thalidone,15 mg). It is available as pink, oval, 
single-scored compressed tablets in bottles of 
100. 

Combipres* 0.2 (Each tablet contains clonidine 
hydrochloride 0.2 mg + chlorthalidone, 15 mg). It 
is available as blue, oval, single-scored com- 
pressed tablets in bottles of 100. 

For complete details, please see full prescribing 
information. 


1. Data on file at Boehringer Ingelheim Ltd. 


Boehringer Ingelheim 


Boehringer Ingelheim Ltd. 
Elmsford, New York 10523 






5 


Tis adis Te a i A Pr "A - Sua ihe * » | ` j > cS 
à + Ps apr Pet T. 4 d "nt v LE é A BE WAS - á Hy 4 ` E t w 
TOU CE NOTER C C Era, Ro No 


Vus 





x ` n has d >s. . E ON do Lu E " 1 $^. - |n 
4. a e iod oM o se 





- 


Mw a. eee t 


EXPERIMENTAL STUDIES 


ee: ae TEETE 


"s Y — UH.) +i 
à 





Precordial Mechanical Stimulation for Exposing Electrical 
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Sequential mechanical pulsing of the chest wall with three stimuli failed 
to induce arrhythmias in normal dogs. After coronary arterial occlusion, | 
this technique evoked in 11 of 12 animals repetitive ventricular responses 
including ventricular fibrillation in 7 and ventricular tachycardia in 2. These _ 
responses corresponded closely to those elicited by electrical testing. 
In four conscious animals after recovery from myocardial infarction, 
precordial pulsing induced repetitive ventricular arrhythmias. The type 
of arrhythmia produced depended on the degree of prematurity of the third 
pulse in the sequence. The use of precordial mechanical stimulation can 
perhaps be modified and adapted as a method of detecting persons at high 
risk for sudden cardiac death. 


Identifying the patient with ischemic heart disease at increased risk for 
sudden death depends on demonstration of advanced grades of ven- 
tricular premature beats.! But such extrasystoles are ubiquitous in pa- 
tients with coronary heart disease, whereas some patients resuscitated 
from ventricular fibrillation exhibit no telltale ectopic activity. The 
ventricular premature beat, in addition to being an indirect marker of 
susceptibility to ventricular fibrillation, is random in occurrence, and — 
advanced grades may not be reproducible in repeated monitoring ses- _ 
sions.” Furthermore, there is no certainty that any level of arrhythmia - 
suppression will prove protective. Therefore, there is need for a nonin- | 
vasive maneuver that will help expose the presence of electrical insta- _ 
bility of the myocardium and thereby aid in identifying persons at risk — 
of sudden death. 

When a single stimulus is delivered to the ventricular myocardium, 
a single response is elicited. Electrical instability is presumed to be 
present when such a single pulse delivered early in the cardiac cycle is 
followed by multiple responses.?* Exposure of electrical instability is 
facilitated by the delivery of three closely coupled sequential pulses.5 
In this study we examined whether external precordial mechanical 
stimulation of the chest wall in animals with acute and chronic myo- 
cardial ischemia can precipitate repetitive ventricular extrasystoles. 


Materials and Methods 


Experimental procedure: Sixteen healthy mongrel dogs of either sex 
weighing 10 to 20 kg were used. Five or more days before the study, the animals 
were intravenously anesthetized with alpha chloralose (100 mg/kg body weight) 
and subjected to thoracotomy performed through the fourth left intercostal 
space. Àn occlusive balloon catheter was placed around the left anterior de- 
scending coronary artery 2 to 3 mm distal to its origin. The inflation tube of the 
catheter was exteriorized through a subcutaneous tunnel in the nape of the 
neck. 

On the day of study, the dogs were once again anesthetized with alpha chlor- 
alose. Ventilation was maintained by means of a cuffed endotracheal tube at- 
tached to a Harvard constant volume pump. Sufficient oxygen was admixed with 
room air to maintain arterial partial pressure of oxygen and pH in the physiologic 
range of 90 to 150 mm Hg and 7.35 to 7.45, respectively. Arterial blood pressure 
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TABLE | 
Maximal Ventricular Arrhythmia Induced With Precordial 
Mechanical Stimulation in 12 Anesthetized Dogs During 


—.. Coronary Occlusion and Reperfusion 


10 Minute Abrupt 
Occlusion Reperfusion * 
Arrhythmia (no. of dogs) (no. of dogs) 
Ventricular fibrillation 7 4 
Ventricular tachycardia 2 0 
Repetitive extrasystole 2 0 
None 1 4t 


* In four animals that had ventricular fibrillation during testing with 
coronary occlusion, the balloon was prematurely released in order to 
em resuscitation, therefore only eight dogs were available for 
study. 

t |n these four animals the balloon occluder released slowly because 


r : of malfunction. 


| J was monitored by means of a large lumen catheter inserted 


in the femoral artery and connected to a Statham P231D 
pressure transducer. The electrocardiogram was recorded 


— from lead II and monitored continuously on an oscillo- 


scope. 
Mechanical precordial stimulation: Both a mechanical 


. and an electrical means of cardiac testing were used to assess 
susceptibility to ventricular fibrillation. The electrical 
. methods used have previously been described.?^ Mechanical 


testing of the heart was accomplished by delivering a quick 
thump to the chest with an industrial tacking device modified 
by attachment of a plunger with a hard rubber stopper on its 
tip. This mechanical pulser delivered approximately 0.25 
joule, a value determined with use of a ballistic pendulum.* 
'The trigger mechanism for the electrical solenoid was con- 


. nected to a precision delay generator (1 percent accuracy) 


synchronized to the electrocardiographic R wave. One, two 
or three mechanical pulses could be delivered in rapid suc- 
cession. An external plastic housing permitted firm posi- 
tioning of the solenoid on the animal’s chest. The thump was 
delivered in the region of the mid sternum while the dog was 
supine. The energy of the mechanical stimulator was at a 


= setting just sufficient to induce a propagated ventricular re- 


sponse in mid diastole. The pulse was delivered thereafter 


- progressively earlier in the cardiac cycle, in 5 msec steps, until 
— ventricular depolarization was no longer obtained. This point 


defined the boundary of the effective refractory period for the 
mechanical stimulus. The delay of the first mechanical pulse 
(P4) was then set 10 msec beyond the effective refractory pe- 
riod. The delay of the second (P3) and third (P3) pulses was 
similarly determined. The three mechanical pulses resulted 
in a sequence of three early extrasystoles. 

Protocol: In 12 dogs, the left anterior descending coronary 


. artery was then occluded for 10 minutes by inflating the pre- 


viously implanted balloon catheter. During coronary occlusion 
three sequential mechanical pulses were delivered at 1 minute 


— intervals. At 10 minutes the balloon catheter was abruptly 
- deflated, and sequential mechanical pulsing was immediately 


initiated. When ventricular fibrillation emerged it was ter- 


. minated within 3 to 5 seconds by a direct-current capacitor 


discharge delivered through copper paddles (100 cm?) that 


* The energy output of the mechanical pulser was determined using 
a ballistic pendulum energy measurement as follows: (1) H — D sin (1/2 
sin^ ! D/L), where D = measured horizontal deflection, H = calculated 
height and L — length of string suspending pendulum. (2) E — Mass X 
H, where E — peak potential energy. A mass of 10,250 g was deflected 
by the thumper a horizontal distance, D, of 10.75 cm. Therefore, E — 
2,510 g-cm = 0.246 joule. The mechanical pulser and the QRS syn- 
chronizing electronic devices were developed by Mr. Nicholas 
Jordan. 
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FIGURE 1. A, 2 minutes after coronary occlusion, three closely timed 
sequential mechanical stimuli (P4, P2, P3) evoke three propagated re- 
sponses. B, within 2.7 minutes a repetitive extrasystole is induced. C 
and D, after 3 minutes of occlusion precordial mechanical pulsing in- 
duces ventricular fibrillation. 


had previously been applied across the thorax. A rest period 
of 20 minutes was allowed after each occlusion trial. 

In 6 of these 12 dogs, a repeat coronary occlusion was per- 
formed, and changes in vulnerability were assessed electrically 
with use of the sequential pulsing technique. Electrical 
stimulation was accomplished using a bipolar catheter 
(Medtronic no. 5819) inserted through a jugular vein and 
positioned in the apex of the right ventricle under fluoroscopic 
control. This catheter was present only during electrical 
testing. Three sequential pulses were delivered 10 msec be- 
yond the boundary of the effective refractory period (deter- 
mined by a stimulus of twice threshold intensity) of each 
preceding beat. To determine the fibrillation threshold, the 
current of the third pulse was increased by 4 milliampere (ma) 
steps until ventricular fibrillation occurred. The minimal- 
current for inducing ventrieular fibrillation defined the ven- 
tricular fibrillation threshold. 

Four dogs underwent permanent coronary occlusion and 
were allowed to recover from anesthesia. Electrocardiograms 
were thereafter monitored using a telemetry system connected 
to an automated direct printout. Tracings were obtained at 
hourly intervals. Ventricular tachycardia occurred in all ani- 
mals 3 to 12 hours after permanent coronary occlusion and > 


spontaneously terminated within 48 hours. These dogs were 


then studied in the conscious state within 12 hours of cessation 
of arrhythmia. Mechanical stimuli were then delivered to the 
left lateral thorax at the point of maximal cardiac impulse 
while the dogs were gently restrained in the standing position. 
The response to a single stimulus was tested first. If ventric- 
ular tachycardia was elicited with a single stimulus, no further 
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FIGURE 2. In a conscious animal 96 hours after cor- 

onary occlusion, three sequential precordial me- 
chanical stimuli evoke a repetitive extrasystole (A), C 
two extrasystoles (B) and, finally, ventricular tachy- 
cardia that persists (C). The increased grade of ar- 
rhythmia results from shortening the cycle of the third 
precordial pulse, P3. 


stimuli were applied. If ventricular tachycardia was not in- 
duced using a single stimulus, two and then three stimuli were 
delivered. The last stimulus in the sequence was delivered 
progressively earlier in diastole in 5 msec steps as described. 
These animals were studied daily until arrhythmia could no 
longer be induced by three sequential mechanical stimuli. 


Results 


Transient coronary occlusion: Before coronary 
occlusion, neither ventricular fibrillation nor ventricular 
tachycardia was induced by sequential mechanical 
pulsing. However, after obstruction to coronary flow, 
mechanical stimulation of the chest wall evoked in 11 
of 12 animals repetitive ventricular arrhythmias, in- 
cluding ventricular fibrillation in 7, ventricular tachy- 
cardia in 2 and repetitive extrasystoles in 2 (Table I, Fig. 
1). Arrhythmias could be elicited 2 to 6 minutes after 
coronary occlusion. After 10 minutes, upon release of 
occlusion, mechanical pulsing induced ventricular fi- 
brillation i in four of eight animals. This generally oc- 
curred within 5 to 20 seconds after abrupt reperfusion. 
In one dog spontaneous ventricular fibrillation occurred 
during occlusion. In all other animals fibrillation was 
directly precipitated by electrical or mechanical stim- 
ulation. 

The time course for exposure of susceptibility to 
ventricular fibrillation by means of mechanical pulsing 
ran closely parallel to that obtained by electrical testing. 
In six dogs, before occlusion, a stimulus intensity greater 
than 30 ma was required to induce ventricular fibrilla- 
tion. Within 2 to 4 minutes after coronary occlusion, 
ventricular fibrillation was precipitated by a stimulus 
of 2 ma. Six to 8 minutes after occlusion the fibrillation 
threshold returned to the preocclusion level. Immedi- 
ately after release of occlusion, ventricular fibrillation 
could be evoked for several seconds by a 2 ma stimu- 
lus. 

Permanent coronary occlusion: Precordial me- 


chanical stimulation was performed in four conscious 
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TABLE Il 

Maximal Ventricular Arrhythmia Induced With Precordial 
Mechanical Stimulation in Four Conscious Dogs During 
Recovery Phase After Myocardial Infarction 


Dog Hours After Coronary Occlusion 

no. 48 72 96 120 
1 NT VT VT RE 
2 VT VT VT 0 
3 VT NT 0 0 
4 VT 0 0 0 


NT — not tested; RE — repetitive extrasystole; VT — ventricular 
tachycardia; 0 — arrhythmia not provoked. 


dogs recovering from myocardial infarction. Within 24 
hours of the spontaneous cessation of ventricular 
tachycardia, delivery of a single precordial mechanical 
pulse during the vulnerable period reinduced ventric- 
ular tachycardia in all animals. On the following day, 
three pulses were required to evoke ventricular tachy- 
cardia in three of the dogs. In the remaining animal a 
single thump still elicited the arrhythmia (Table II, Fig. 
2). In no animal was ventricular fibrillation induced. 
Three days after spontaneous termination of the ven- 
tricular tachycardia, mechanical stimulation with one, 


two or three sequential pulses no longer provoked © 


ventricular arrhythmia. 


Discussion 


It has long been known that touch or pressure applied 
to the living heart can evoke a propagated response. 


This is a common experience in the cardiac catheter- | 


ization laboratory. The earliest experiments comparing 
the effects of mechanical and electrical stimulation on 
cardiac excitability were carried out by Brooks et al.® 
Using a plastic rod with a tapered round tip, they ap- 
plied a quick mechanical thrust directly to the exposed 
myocardium. To effect both thrust and prompt with- 
drawal, the rod was attached to the moving core of a 
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solenoid. The mechanical stimulus could be delivered 
at any desired interval in the cardiac cycle. Results were 
identical with the two testing methods. Using a single 
mechanical stimulus, these workers were unable to 
demonstrate any phase of the cycle during which they 
could reproducibly provoke either repetitive firing or 
fibrillation. 

Cardiac response to mechanical stimulation: 
Mechanical precordial thumping has been shown to be 
effective in terminating ventricular fibrillation if ap- 
plied immediately after the onset of fibrillation,’ and 
the procedure has become standard practice in cardio- 
pulmonary resuscitation. The basis for the effectiveness 
of the mechanical stimulus is that it depolarizes myo- 
cardial fibers by transduction of the mechanical pulse 
into an electrical depolarization.? The heart responds 
as a mechanoelectrical transducer. Pressure-induced 
extrasystoles are a familiar result of manipulating in- 
tracardiac catheters. The transducer element of a me- 
chanoreceptor undergoes change in conduction with 
stretch. 'T'eorell? suggested that this phenomenon is due 
to a coupling between membrane potential and hydro- 
static pressure difference across the cell membrane due 
to changes in electro-osmotic permeability (namely, 
deformation of membrane structure subjects a cell to 
volume displacement). With expulsion of solution, the 
cell shrinks. This alters the concentration gradient of 
ions within membrane pores, thereby changing elec- 
trical conductance with resulting alteration in trans- 
membrane potential. Recently, Zoll et al.!° introduced 
a mechanical stapler for achieving mechanical thumping 
of the chest wall and showed that in some men ven- 
tricular premature beats can be evoked with this tech- 
nique. Cohn et al.!! utilized chest thumping in man to 
induce postextrasystolic potentiation during echocar- 
diography. Blatt et al.!? found that precordial me- 
chanical stimulation can be used to assess the degree of 
digitalization. 

Effect of sequential mechanical stimulation 
during myocardial ischemia: We have now demon- 
strated that by programming three sequential precor- 
dial mechanical pulses in the animal with myocardial 





ischemia, one can elicit repetitive electrical activity. In 
the normal as well as in the infarcted heart, single pulses 
greatly above threshold are required to trigger ven- 
tricular fibrillation when delivered during the brief in- 
terval of the ventricular vulnerable period. However, 
when three early sequential pulses are administered, the 
current required for ventricular fibrillation is markedly 
reduced and, in the animal with infarction, currents at 
threshold level for diastolic depolarization suffice to 
precipitate ventricular fibrillation.? The time course of 
change in vulnerability to ventricular fibrillation during 
coronary occlusion and release demonstrated by me- 
chanical pulsing is identical to that observed with 
electrical stimulation of the endocardium. Of special 
importance is the finding that in the awake animal 
precordial mechanical pulsing exposes the presence of 
electrical instability after sustained coronary occlusion 
and development of myocardial infarction. The time 
course is similar to that found using invasive electrical 
methods during the postrecovery stage of myocardial 
infarction.!? 

Clinical implications: In the acutely ischemic canine 
heart, immediately after coronary occlusion, a repetitive 
ventricular response can be elicited with a single 
threshold stimulus delivered in early diastole but out- 
side the ventricular vulnerable period.!^ Employing the 
repetitive ventricular response phenomenon in man, 
Green et al.!° demonstrated that the technique permits 
identification of patients at increased risk of having 
malignant arrhythmias. It thus may not be necessary 
to utilize multiple repetitive pulses in man to expose the 
presence of electrical instability. Because currently 
available drugs to prevent ventricular fibrillation exact 
a significant cost in adverse reactions, there has been 
little justification for treating the large number of pa- 
tients with ischemic heart disease in the hope of saving 
the minority likely to die suddenly. It is thus essential 
to identify those patients predisposed to malignant 
ventricular arrhythmias. Adapting the technique of 
precordial mechanical stimulation to elicit a single re- 
petitive ventricular response may afford a method of 
detecting these patients. 


References 


1. Lown B, Wolf M: Approaches to sudden death from coronary heart 
disease. Circulation 44:130— 142, 1971 

2. Calvert A, Lown B, Gorlin R: Ventricular premature beats and 
anatomically defined coronary heart disease. Am J Cardiol 39: 
890-902, 1977 

3. Axelrod PJ, Verrier RL, Lown B: Vulnerability to ventricular fi- 
brillation during acute coronary arterial occlusion and release. Am 
J Cardiol 36:776-782, 1975 

4. Matta RJ, Verrier RL, Lown B: The repetitive extrasystole as an 
index of vulnerability to ventricular fibrillation. Am J Physiol 
230:1461- 1466, 1976 

5. Thompson P, Lown B: Sequential R/T pacing to expose electrical 
instability in the ischemic ventricle (abstr). Clin Res 20:401, 
1972 

6. Brooks CMcC, Gilbert JL, Suckling EE: Excitable cycle of the heart 
as determined by mechanical stimuli. Proc Soc Exp Biol. Med 
117:634-637, 1964 

7. Pennington JE, Taylor J, Lown B: Chest thump for reverting ven- 
tricular tachycardia. N Engl J Med 283:1192-1195, 1970 

8. Lown B, Taylor J: Editorial on "thump-version." N Engl J Med 


428 September 1978 The American Journal of CARDIOLOGY 


283:1223, 1970 
9. Teorell T: Electrokinetic considerations of mechanoelectrical 

transduction. Ann NY Acad Sci 137:950-966, 1966 

10. Zoll PM, Belgard AH, Weintraub MJ, et al: External mechanical 
cardiac stimulation. N Engl J Med 294:1274- 1275, 1976 

11. Cohn PF, Angoff GH, Zoll PM, et al: A new, noninvasive technique 
for inducing post-extrasystolic potentiation during echocardiog- 
raphy. Circulation 56:598-605, 1977 

12. Blatt CM, Lown B, Rabinowitz SH: A noninvasive means for as- 
sessing glycoside toxicity: Mechanically induced repetitive ven- 
tricular response. Proc Soc Exp Biol Med 156:531-533, 1977 

13. Wolff GA, Veith F, Lown B: A vulnerable period for ventricular 
tachycardia following myocardial infarction. Cardiovasc Res 2: 
111-121, 1968 

14. Jenzer H, Lohrbauer L, Lown B: Response to single threshold 
stimuli following acute myocardial infarction. Proc Soc Exp Biol 
Med 141:606-608, 1972 

15. Green HL, Reid PR, Schaeffer AH: The repetitive ventricular re- 
sponse in man: an index of ventricular electrical instability (abstr). 
Am J Cardiol 41:400, 1978 


Volume 42 


PG eh cam ON die oe fr a 
y V "T * e ^ , 








Progressive Transmural Electrographic, Myocardial 
Potassium lon/Sodium lon Ratio and Ultrastructural Changes 
As a Function of Time After Acute Coronary Occlusion 


VIDYA S. BANKA, MD 

MONTY M. BODENHEIMER, MD, FACC 

KODANGUDI B. RAMANATHAN, MD, 
MRCP 

GEORGE A HERMANN, MD 

RICHARD H. HELFANT, MD, FACC 


Philadelphia, Pennsylvania 


From the Divisions of Cardiology and the Depart- 
ment of Pathology, Presbyterian-University of 
Pennsylvania Medical Center and the University 
of Pennsylvania School of Medicine, Philadelphia, 
Pennsylvania. Manuscript received December 9, 
1977; revised manuscript received May 2, 1978, 
accepted May 3, 1978. 

Address for reprints: Richard H. Helfant, MD, 
Presbyterian-University of Pennsylvania Medical 
Center, 51 North 39th Street, Philadelphia, 
Pennsylvania 19104. 


The progressive transmural electrographic, biochemical and ultrastructural 
changes as a function of time after acute coronary occlusion were sys- 
tematically assessed in eight dogs. Transmural plunge electrodes with 
poles 1 mm apart were placed in the ischemic and nonischemic zones, 
and coronary occlusion was maintained for 4 hours. Transmural full 
thickness biopsy specimens were obtained from each zone for electron 
microscopy before, and 1 and 4 hours after occlusion. Endocardial and 
epicardial layers were also obtained for assessment of myocardial po- 
tassium ion (K*) and sodium ion (Na*) concentrations. Before coronary 
occlusion, local Q waves were recorded an average depth of 1.0 + 0.34 
mm from the endocardial surface. After 1 hour of occlusion, Q waves 
appeared at an average depth of 3.8 + 0.67 mm and progressed to a depth 
of 5.2 + 0.7 mm at 2 hours, 6.2 + 0.5 mm at 3 hours and 7.0 + 0.5 mm 
at 4 hours. After 1 hour, ultrastructural changes of early ischemia, including 
a decrease in glycogen and mild mitochondrial swelling, were seen in the 
endocardial layer; the epicardial layer showed normal morphologic fea- 
tures. After 4 hours, the endocardial layer showed well developed isch- 
emic changes marked by the loss of mitochondrial cristae, vacuolization, 
the appearance of amorphous mitochondrial densities, an increase in 
interfibrillary space and the appearance of I bands. In contrast, the epi- 
cardial layer at this time showed only early ischemic changes. At the end 
of 4 hours, the endocardial layer showed a marked decrease in myocardial 
K* concentration and an increase in Na* concentration leading to com- 
plete reversal of the K*/Na* ratio (0.7 + 1.0; P 0.001). In the epicardial 
layer, a smaller decrease in K* concentration and an increase in Na* 
concentration occurred, resulting in a diminution but not a reversal of the 
K*/Na* ratio (1.4 + 0.2; P <0.005). 

Thus, the dynamic evolution of an acute myocardal infarction involves 
a sequential progression from endocardium to epicardium as a function 
of time, resulting in an epicardial “border zone” in the early stages after 
acute coronary occlusion. 


Considerable recent interest has focused on the determination and re- 
duction of infarct size.! Central to these studies is the concept that after 
acute coronary occlusion there is a portion of severely ischemic myo- 
cardium that is delicately balanced between irreversible injury or ne- 
crosis and survival. To date, most studies have examined the affected 
left ventricular myocardial areas using experimental means such as local 
electrograms, length and tension gauges as well as serial myocardial 
enzyme determinations. ? The data measured reflect the sum of 
transmural events. However, little is known of the temporal sequence 
of abnormalities that occur within the affected left ventricular zone from 
endocardium to epicardium. This study was undertaken to determine 
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OCCLUSION HOURS AFTER CORONARY OCCLUSION 
FIGURE 1. Progression of intramyocardial Q waves from endocardial 
to epicardial layers during 4 hours of coronary occlusion (mean value 
+ standard error of the mean). 


the progressive transmural electrographic, biochemical 
and ultrastructural changes as a function of time after 
acute coronary occlusion for 1 to 4 hours. 


Methods 


Experimental procedure: Studies were performed in eight 
dogs weighing 25 to 30 kg, anesthetized with intravenous so- 
dium pentobarbital (30 mg/kg) and ventilated with a Harvard 
respirator. The heart was exposed through a mid sternal 
incision and supported in a pericardial cradle. A polyethylene 
tube was introduced through an external jugular vein for in- 
travenous infusion. Central aortic pressure was monitored 
using a Statham P23Db transducer and a wide bore, stiff 
catheter introduced through the right common carotid artery. 
The left anterior descending coronary artery was isolated 2 
to 3 cm distal to its origin. Potentially ischemic and nonisch- 
emic zones were demarcated using epicardial electrograms 
after transient coronary occlusion.®4 The central ischemic 
zone was characterized by marked S-T elevation, the border 
zone by S-T depression and T wave inversion and the non- 
ischemic zone by an essentially unchanged epicardial elec- 
trogram.®4 After the transient occlusion was released, at least 
a 10 minute period was allowed for the electrograms to revert 
to normal. 

Intramyocardial electrograms and biopsy: Three 18 
gauge plunge needle electrodes, each containing eight termi- 
nals located 1 mm apart, were inserted, two in the potentially 
ischemic (1 cm apart) and one in the nonischemic zone for 
obtaining intramyocardial electrograms.? A ten minute period 
was allowed for injury potentials to return to normal after 
insertion of the needle electrodes into the myocardium. Uni- 
polar intramyocardial electrograms (0.1 to 100 hertz) were 
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FIGURE 2. A typical experiment demonstrating the progression of in- 
tramyocardial Q waves from endocardium to epicardium. Before cor- 
onary occlusion, only a small initial R wave is present in the endocardial 
2 mm electrogram but the more superficial electrograms (4, 6 and 8 
mm) show significantly taller R waves. After 1 hour of coronary oc- 
clusion, Q waves appear in both the 2 mm and 4 mm electrograms, 
forming a QS complex. At 2 hours of coronary occlusion, the 2 and 4 
mm electrograms show a QS complex, but another small Q wave also 
appears in the 6 mm electrogram. After 4 hours of coronary occlusion, 
both the 6 and 8 mm electrograms show significant Q waves, thus 
completing the transmural spread of Q waves from endocardium to 
epicardium. 
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FIGURE 3. Progression of intramyocardial R wave amplitude (in mv) 
in the endocardial and epicardial layers during 4 hours of coronary 
occlusion. 


Myocardial Potassium lon (K*) and Sodium Ion (Na+) Concentration After 4 Hours of Coronary Occlusion (mean values + 


standard error of the mean) 








Nonischemic Zone Ischemic Zone 
K/Na K/Na 
K* Na* Ratio + Nat Ratio 
Endocardial 6.2 3.0 2.1 3.5 50 0.7* 
layer + 0.3 + 0.1 + 0.1 + 0.3 + 0.3 + 0.1 
Epicardial 6.2 3.2 2.0 5.7 4.2 1.41 
layer + 0.4 + 0.4 + 0.1 + 0.4 + 0.4 + 0.2 
* P «0.001. 
t P «0.005. 
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showing normal morphologic features. The myofibrils are compact and unswollen. There is an abundance of cell glycogen. 


The mitochondria have a dense matrix, small nonspecific dense granules and uniform tightly packed cristae. (X 17,100, reduced by 15 percent.) 
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in the center of the nucleus, which is surrounded by abundant tightly packed glycogen granules. (X30,000, reduced by 15 percent.) 
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FIGURE 5. Photomicrograph from the nonischemic zone showing nuclear morphologic features. The nuclear chromat 
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recorded using a switchbox connected to an Electronics for 
Medicine multichannel oscilloscopic recorder. After control 
electrographic recordings were taken, a full thickness punch 
biopsy was performed from both the potentially ischemic and 
nonischemic zones within 1 cm of the plunge electrode using 
a punch sucker technique and avoiding blood vessels.!9.! This 
biopsy technique utilizes a 14 gauge needle with a square 
keenly sharpened tip connected to an aspiration suction line 
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FIGURE 7. Photomicrograph showing early or slight ischemic changes in th 
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with a Likens tube interposed and a sponge covering the 
outflow arm of the collecting tube. The method avoids undue 
compression, trauma or distortion.!9. 

After the control electrograms and myocardial biopsies were 
performed, the left anterior descending coronary artery was 
ligated for 4 hours. Electrographic recordings were obtained 
at 5 minute intervals for the first 15 minutes and at 15 minute 
intervals thereafter. At the end of 1 hour, another punch bi- 
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e endocardial layer of the ischemic zone after 1 hour of coronary occlusion. 


There is a slight increase in the intertibrillary spaces and a mild decrease in cell glycogen. Slight mitochondrial swelling with no amorphous matrix 
densities is seen. The fibers are contracted, and no | bands are seen. (X30,006, reduced by 13 percent.) 
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opsy was performed from the ischemic zone within 1 cm of the 
plunge electrode. 

Myocardial specimens for Na* and K* concentrations 
and histology: After 4 hours of coronary occlusion, the dogs 
were sacrificed and 1 to 1.5 cm? full thickness blocks of myo- 
cardium obtained from the central ischemic and nonischemic 
zones. These myocardial blocks were then divided into three 
parts—the endocardial, middle and epicardial thirds. The 


specimens were trimmed of all fat and extraneous tissue and 
homogenized to determine their sodium and potassium con- 
centrations by emission flame photometry.? In addition, a 
third full thickness myocardial specimen was also obtained 
for histologic evaluation from both the ischemic and non- 
ischemic zones at this time. 

Intramyocardial electrograms were analyzed for transmural 
location, appearance and spread of local unipolar Q waves 
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FIGURE 8. Photomicrograph of tissue from the endocardial layer of the ischemic zone after 1 hour of coronary occlusion. A significant loss of glycogen, 
a mild increase in interfibrillary space and mitochondrial swelling are evident. The fibers are contracted and no | bands are visualized. (X30,000 


reduced by 23 percent.) 
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(70.03 second) as well as R wave amplitude. The myocardial 
tissues obtained for histologic examination were fixed in 
glutaraldehyde. Thin polychrome sections were examined for 
light microscopy and ultrathin sections for electron micros- 
copy. The changes in the electron microscopic samples were 
classified as: (1) normal; (2) early or slight ischemic changes; 
and (3) later or well developed ischemic changes similar to the 
classification of Kloner et al.!? The transmural location of 
these changes was also observed. The emission flame pho- 
tometry results for myocardial sodium and potassium con- 
centrations were tabulated for endocardial and epicardial 
layers and the K */Na* ratio determined for each layer in the 
ischemic and nonischemic zones. 


Results 


Progression of intramyocardial Q waves: Before 
coronary occlusion, the transmural electrograms re- 
vealed Q waves only in the endocardial layer at an av- 
erage depth of 1.0 + 0.34 mm (range 0 to 3 mm). After 
coronary occlusion, Q waves appeared progressively 
from endocardium to epicardium as a function of time 
during the 4 hours of occlusion (Fig. 1). After 1 hour of 
occlusion, Q waves were visualized at a depth of 3.8 + 
0.67 mm from the endocardial surface, progressing to 
a depth of 5.2 + 0.7 mm 2 hours, 6.2 + 0.5 mm 3 hours 
and 7.0 + 0.5 mm 4 hours after coronary occlusion. 
Figure 2 shows a typical experiment demonstrating the 


. progression of intramyocardial Q waves. 


Progression of R wave amplitude: After coronary 
ligation, the R wave amplitude decreased significantly 
in both the endocardial and epicardial electrograms 
(Fig. 3). Before coronary occlusion, the R wave ampli- 
tude was 13.4 + 2.3 mv in the endocardial third and 22.7 
+ 3.6 mv in the epicardial third. However, after 1 hour 
of coronary occlusion, the endocardial R wave ampli- 
tude decreased to 6.3 + 1.4 mv (P «0.02) and after 4 
hours to 5.3 + 1.7 mv. In the epicardial third, the R wave 
amplitude decreased to 12.8 + 2.2 mv within 1 hour after 
occlusion (P <0.001) and to 10.4 + 2.3 mv after 4 hours. 
No differences in the progressively diminishing R wave 
amplitude were demonstrable between the endocardial 
and epicardial layers. 

Myocardial potassium/sodium ratio: The myo- 
cardial potassium ion (K*) and sodium ion (Na*) con- 
centrations of the endocardial and epicardial layers of 
both the nonischemic and ischemic zones are shown in 
Table I. In the nonischemic zone, the potassium and 
sodium concentrations of the endocardial and epicardial 
layers remained normal with respective K*/Na* ratios 
of 2.1 + 0.1 and 2.0 + 0.1. In the ischemic zone, there was 
a marked decrease in potassium concentration and an 
increase in sodium concentration of the endocardial 
layer with a resultant reversal of the K */Na* ratio to 
0.7 + 0.1 (Table I). In the epicardial layer, however, a 
smaller decrease in potassium concentration and in- 
crease in sodium concentration occurred resulting in a 
diminution (and not a reversal) of the K */Na* ratio to 
1.4 3c 0.2. 

Morphologic appearances: Histologic examination 
of the biopsy material obtained before coronary occlu- 
sion from the potentially ischemic and nonischemic 


zones showed normal morphology of the endocardial 
and epicardial layers under light and electron micros- 
copy (Fig. 4 to 6). The nuclear chromatin was uniform 
and unclumped. The myocardial fibers and fibrils were 
compact and unswollen. Cell glycogen was abundant. 
The mitochondria had a dense matrix, small nonspecific 
dense granules and uniform tightly packed cristae. 
There was no mitochondrial vacuolization. The capillary 
endothelium was compact, uniform and unswollen. The 
sarcoplasmic reticulum was unswollen and the myofi- 
brils were usually contracted. 

After 1 hour of coronary occlusion, the endocardial 
layer from the ischemic zone showed early or slight 
ischemic changes (Fig. 7 and 8). The nuclear chromatin 
was uniform and unclumped. There was no significant 
fiber swelling, but a slight increase in interfibrillary 
space could be seen. The cell glycogen was slightly de- 
creased. Slight mitochondrial swelling was observed, but 
there were no amorphous mitochondrial matrix densi- 
ties. The fibers remained contracted, and usually no I 
bands were seen. The epicardial layer showed normal 
morphologic features (Fig. 9). 

After 4 hours of coronary occlusion, the endocardial 
layers showed well developed ischemic changes (Fig. 10 
to 12). The nuclear chromatin showed clumping and 
margination. There was obvious fiber swelling with an 
increase in the interfibrillary space. There was marked 
mitochrondrial swelling with rarification of matrix 
density. Multiple amorphous matrix densities within 
the mitochondria were common, and occasionally 
vacuolization was observed. The muscle was usually 
relaxed, and prominent I bands were present. Signifi- 
cant capillary endothelial swelling was observed. The 
epicardial layers showed only early ischemic changes 
after 4 hours of coronary occlusion (Fig. 13 and 14). 


Discussion 


Disparity in severity of ischemic changes be- 
tween subendocardial and epicardial myocardial 
layers: This study demonstrates that the dynamic 
process of an acute “transmural” myocardial infarction 
involves a sequential progression from endocardium to 
epicardium as a function of time after acute coronary 
occlusion. After 1 hour of coronary occlusion, local 
electrographic Q waves are seen only in the endocardial 
layers, whereas the epicardial layers show tall R waves. 
Concomitant histopathologic changes of early ischemia 
on electron microscopy are also seen only in the endo- 
cardial layers at this time; the epicardial layers show 
normal morphologic features. In contrast, after 4 hours 
of coronary occlusion, the Q waves have spread 
transmurally being visualized in both endocardial and 
epicardial layers. However, the endocardial layers show 
changes of severe ischemia on electron microscopy, 
whereas the epicardial layers still show early ischemic 
changes. 

The change in R wave amplitude between 1 and 4 
hours was not statistically significant; the major dif- 
ference occurred within 1 hour. After 1 hour, although 


a slight further increase in R wave amplitude was noted, .. 
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FIGURE 9. Photomicrograph showing normal morphologic features of the epicardial layer of the ischemic zone after 1 hour of coronary occlusion. (X30,000, reduced by 15 


percent.) 
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initial Q waves developed in most of the QRS com- 
plexes, resulting in QS or QR complexes. Further de- 
creases in R wave amplitude measurement are generally 
not possible because a QS or QR configuration has de- 
veloped. 

The disparity in the severity of ischemic changes 
between the endocardial and epicardial layers is also 
manifested by the K*/Na* concentration ratios of the 
epicardial and endocardial tissues at the end of 4 hours 
of coronary occlusion. 'The endocardial layers showed 


a marked decrease in potassium concentration and in- 
erease in sodium concentration causing reversal of 
K*/Na* ratio, but the changes in epicardial layers were 
less marked, resulting in a decrease but not a reversal 
of the K */Na* ratio. Thus, at any given period after 
eoronary occlusion within 4 hours, the degree of epi- 
cardial ischemic injury is considerably less than that in 
the endocardial layer. These findings are consistent with 
those of Rivas et al.,!? who showed that epicardial blood 
flow was greater than endocardial flow after coronary 





FIGURE 10. Photomicrograph showing well developed ischemic changes in the endocardial layer of the ischemic zone after 4 hours of coronary 
occlusion. Cell glycogen has completely disappeared. The myofibrils are swollen with a marked increase in interfibrillary spaces, and there is marked 
mitochondrial swelling with rarifaction of matrix density. Multiple amorphous bodies within the mitochondria and vacuolization are present. The 
muscle is relaxed, and prominent 1 bands are seen. In addition, margination anc clumping of nuclear chromatin are evident (lower right). (X30,000, 
reduced by 22 percent). 
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occlusion and that at necropsy the endocardium dem- 
onstrates a greater extent of infarction than the epi- 
cardial region. 

Our observations are also consistent with those of 
Jennings et al.!4 and Reimer et al.,!° who demonstrated 
that brief periods of coronary occlusion (20 to 40 min- 
utes) result in subendocardial necrosis and that sal- 
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vageable myocardium does exist in the subepicardial 
region. However, when the period of coronary occlusion 
is prolonged to 60 minutes, the percent of necrotic 
myocardium increases significantly. A recent histo- 
pathologic study by Reimer et al.!6 on the effects of 
coronary occlusion and reperfusion as a function of time 
indicates that, at 40 minutes of coronary occlusion, 


FIGURE 11. Photomicrograph showing nuclear morphologic features in the endocardial layer of the ischemic zone after 4 hours of coronary occlusion. 
Marked clumping and margination of nuclear chromatin are evident. (30,000, reduced by 22 percent.) 
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myocyte necrosis occurs in the subendocardial region 
and progresses as a wave front toward the subepicar- 
dium. These observations were based on accumulation 
of data in different groups of dogs undergoing coronary 
occlusion for various time periods. In our study, myo- 
cardial biopsy specimens from the same animal during 
4 hours of coronary occlusion were obtained and the 
progression in ultrastructural changes after 1 and 4 
hours of coronary occlusion was observed in each ex- 
periment. The progression in ultrastructural changes 
was concomitant with electrographic progression of Q 
waves and abnormalities in myocardial potassium and 
sodium ratios. 

Possible limitations of study: Because myocardial 





ischemic injury and infarction may not be homogeneous, 
the methodology of our study is limited by the perfor- 
mance of myocardial sampling with a biopsy technique 
1 hour after occlusion. The tissue obtained after 4 hours 
of coronary occlusion was clearly more uniform because 
much larger blocks of muscle could then be obtained for 
histopathologic and biochemical analysis. Similarly, 
because the sampled myocardium was obtained from 
areas adjacent to but not precisely from the electro- 
graphic sites, it is possible that this difference affected 
our data. Despite these methodologic limitations of 
sampling, the consistency of the measurements evalu- 
ated within each experiment and between experiments 
strongly support the validity of the results obtained. 


FIGURE 12. Photomicrograph showing intramyocardial capillary morphologic features in the endocardial layer after 4 hours of coronary occlusion. 
Marked swelling of the capillary endothelium is seen. (X30,000, reduced by 22 percent.) 
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Clinical implications: Our findings may have im- 
portant potential implications in the context of the 
current widespread interest in determining and at- 
tempting to reduce the size of a myocardial infarct. It 
is generally recognized that after an acute coronary 
occlusion, the central zone of ischemic injury is sur- 
rounded by a partially ischemic zone, the so-called 
twilight or border zone. Previous studies!?^? evaluating 


"PT 


pt ^ " 
C 2 mE 





the central zone as a transmural entity have indicated 
that after 1 hour of coronary occlusion, the resultant 
abnormalities are irreversible whereas the surrounding 
border zone remains viable for a longer period. However, 
our data strongly suggest that the process of infarction 
within the central zone is nonhomogeneous and that in 
the early stages after acute coronary occlusion, the ep- 
icardial layer of the central zone exhibits electrographic, 


FIGURE 13. Photomicrograph showing only early or slight ischemic changes in the epicardial layer of the ischemic zone after 4 hours of coronary 
occlusion. In contrast to Figure 10, cell glycogen is still present, and the myofibrils are less swollen and the increase in interfibrillary space is less 


by 22 percent.) 


. marked. The mitochondria show slight swelling without vacuolization or appearance of amorphous bodies. There are no | bands. (X30,000, reduced 
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electron microscopic and biochemical characteristics 
of a true border zone. It is thus conceivable that viable 
and salvageable myocardium may exist within this layer 
of the central zone as well as in the surrounding border 
zone. The extent of this salvageable area may depend 
on the time elapsed after the coronary occlusion, myo- 
cardial oxygen requirements and the availability of 
accessory blood supply. To elucidate fully the potential 
of various interventions to salvage jeopardized myo- 





, / 
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cardium, the study of infarct size and methods to reduce 
it must therefore evaluate the border zones that both 
surround and are included in the central affected 
area. 
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FIGURE 14. Photomicrograph showing nuclear morphologic features in the epicardial layer of the ischemic zone after 4 hours of coronary occlusion. 
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METHODS 





. Computer-Assisted Reporting System for the Follow-Up of Patients 
. With Prosthetic Heart Valves 


|. DAVID C. MacGREGOR, MD The implantation of large numbers of prosthetic heart valves carries with 
.... H. DOMINIC COVVEY, MSc it the responsibility for continual reassessment of all aspects of patient 
_ GREGORY J. WILSON, MD management. Experience with more than 2,000 prosthetic valve opera- 


LEONARD SCHWARTZ, MD 
—  HUGH E. SCULLY, MD 
E. DOUGLAS WIGLE, MD 


tions since 1963 led to the developmert of a comprehensive computer- 
assisted data collection, management and reporting system. Over a 5 year 
period, data forms were developed for the detailed documentation of 
Toronto, Ontario, Canada preoperative, intraoperative and postoperative information. These were 
designed in the form of checklists suitable for direct computer entry with 
use of mark-sense document readers. Special emphasis was placed on 
preoperative assessment of ventricular function, valve selection, intra- 
operative myocardial preservation, postoperative rehabilitation and 
prosthetic valve-related complications. This system makes possible rapid 
computer generation of a variety of reports to the referring physician re- 
garding the individual patient and to the clinical investigator in relation 
f to patient group statistics. Also, questionnaires to patients or physicians, 
; or both, to update patient data can be produced by the computer at ap- 
propriate intervals after valve surgery. Experience indicated that a 
computer-assisted methodology is the only practical way to provide ad- 
equate follow-up of large groups of patients. Additionally, direct access 
to relevant information helps to create an environment in which essential 
research can be carried out in the face of a demanding clinical prac- 
tice. 
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To study a large patient population in detail, one must have the means 
for both accumulating and retrieving a massive amount of clinical data. 
Our experience since 1963 with prosthetic valve operations in more than 
2,000 patients has demonstrated that a computer-assisted reporting 
system is essential in meeting this requirement. 

| In 1970, a prosthetic valve follow-up clinic was established at the 
| Toronto General Hospital to screen patients for the presence of ball 
3 variance. A follow-up form developed for this purpose included only the 
essential information relevant to the problem. It soon became evident 
that a great deal more information could be gleaned from our total pa- 
tient population if a standardized reporting system were used, and 
several generations of follow-up forms were thus developed to achieve 
À this purpose. Through this process, we were able to determine what in- 
; formation was relevant and to strike a balance between being so brief 
as to be incomplete and so detailed as to be impractical. Although we 


Uem 


i From the Divisions of Cardiovascular Surgery 
. and Cardiology, Toronto General Hospital, 101 


College Street, Toronto, Ontario, Canada. This were successful in accumulating a vast quantity of patient information, 
|. research was supported in part by grants from the we had difficulty in gaining access to these data because there was no 
Ontario Heart Foundation and the Marion Webster practical system for the selective retrieval of information pertinent to 
evi disi Mee a specific study. In 1973, we decided that future data should be collected 
EM OSS TOI Ops Davi Ge MBOOrSpol; MD, in a format that would permit keypunch entry onto a computer and in 
Cardiovascular Laboratories, Room 68, Banting ; : f h ‘bl 
Institute, 100 College Street, Toronto, Ontario. 1974 we produced our first generation of suc computer-compatible , | 
Canada M5G 1L5. forms. To minimize the time commitment required for the manual 
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FIGURE 1. Organization of the 
basic forms of the computer-as- 
sisted reporting system. Supple- 
mentary forms can be added. As 
examples, the integration of a car- 
diac catheterization form with the 
preoperative assessment and an 
echocardiography form with a fol- 
low-up assessment are illustrated. 


transfer of information onto the computer, the follow- 
up forms were subsequently printed in a format suitable 
for direct computer entry by mark-sense document 
readers. 


The Computer-Assisted Reporting System 


Our computer-assisted reporting system was de- 
signed to achieve three broad objectives: (1) to define 
clearly the indications for valve replacement and criteria 
for prosthetic valve selection, (2) to establish the in- 
traoperative determinants of the outcome of prosthetic 
valve replacement, and (3) to monitor valve-related 
complications and to assess the functional and reha- 
bilitation status of the patient in the postoperative pe- 
riod. 

The basic forms for our computer-assisted reporting 
system are illustrated in Figure 1. The first two forms 
consist of a patient identification form and an operative 
profile form in keypunch format; the next five forms are 
in mark-sense format for the documentation of preop- 
erative, operative, postoperative, follow-up and mor- 
tality data. The preoperative, operative and postoper- 
ative forms are used as many times as the individual 
patient undergoes valve-related operations. In contrast, 
the number of follow-up forms filled out is determined 
by the number of visits by the patient to the prosthetic 
valve follow-up clinic. In addition, supplementary forms 
may be integrated into the reporting system. These can 
. include detailed hemodynamic and angiographic data 
obtained from cardiac catheterization, special studies 
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MORTALITY FORM 


FOLLOW-UP FORM 3 


FOLLOW—UP FORM 2 


FOLLOW—UP FORM 1 


POSTOPERATIVE FORM 


OPERATIVE FORM 





FORM 


TABLE | 

Operation Codes 

01 Aortic valve replacement 20 Reconstruction of ascending 

aorta 

02 Mitral valve replacement 21 ASD closure 

03 Tricuspid valve replacement 22 VSD closure 

04 Repair of aortic valve 23 Permanent pacemaker 
prosthesis 

05 Repair of mitral valve 24 Internal mammary implant, 
prosthesis single 

06 Repair of tricuspid valve 25 Internal mammary implant, 
prosthesis double 

07 Exploration of aortic valve 26 Resection/plication of 


ventricular wall 
08 Exploration of mitral valve 27 ACB, right coronary artery 


09 Exploration of tricuspid 28 ACB, main left coronary 
valve artery 
10 Aortic valvotomy, closed 29 ACB, left anterior 
descending coronary 
artery 
11 Aortic valvotomy, open 30 ACB, left circumflex 
coronary artery 
12 Mitral valvotomy, closed 31 Coronary, endarterectomy, 
right 
13 Mitral valvotomy, open 32 Coronary, endarterectomy, 
left 
14 Tricuspid valvotomy 33 Intraaortic balloon pump 
15 Mitral anuloplasty 34 Emergency surgery in a 
moribund patient 
16 Tricuspid anuloplasty 35 Urgent surgery in an 
unstable patient 
17 Reconstruction of 36 Cardiac transplantation 
pulmonary outflow tract 
18 Ventriculomyotomy 37 Implantation of ventricular 
assist device 
19 Repair of ruptured sinus of 38 Other (specify. ———) 
Valsalva 


ACB = aortocoronary bypass surgery; ASD = atrial septal defect; 
VSD = ventricular septal defect. 
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such as echocardiography, phonocardiography and 
nuclear angiography as well as reports of exercise tests 
and general assessments of rehabilitation status. 


Detailed Description 


Patient identification form (Fig. 2): This form contains 
such basic data as the patient’s name, address, telephone 
number, social insurance/security number, hospital identifi- 
cation/chart number, insurance number, date of birth, sex and 
names of referring physicians. A unique identification number 
is used for each patient. This consists of the patient’s chart 
number at our institution. In addition, space is provided under 
the heading “office use only” to permit the identification of 
the patient as a member of a specific study group. Entries 


PATIENT IDENTIFICATION FORM 


1. NAME: Surname 
First name 


and initial 
2. ADDRESS: Street, Apartment 
City 
Postal code 


3. TELEPHONE NUMBER: 
Area code 


[4132999 T: 114 


4. SOCIAL INSURANCE/ 
SECURITY NUMBER: 


5. HOSPITAL: 


6. IDENTIFICATION/CHART 
NUMBER: 


p rr 
ELIT LETLDE] 


7. INSURANCE NUMBER: 


8. DATE OF BIRTH: 
Day Month Year 


9. SEX: [.] M-Male F- Female 





under “coded information” may be used for additional iden- 
tifying data not included in the balance of the form. The data 
contained in the patient identification form are keypunched 
onto the computer and updated as necessary. 

Operative profile form (Fig. 3): This form is a sequential 
record of all cardiac operative procedures for an individual 
patient. This form provides, at a glance, the complete cardiac 
operative history including prosthetic valve implantations 
identified with respect to date, surgeon, hospital, valve posi- 
tion, model and size, as well as repairs and replacements of any 
of the prostheses. Space is provided to document other cardiac 
procedures performed separately or in association with a 
prosthetic valve operation. These procedures are listed using 
a uniform code that we have adopted for all cardiac surgical 
patients (Table I). Entries under “additional coded infor- 


Province 
or State 


Unknown 


Unknown 


ie ed a) i a Pt Yt 


Office use only 


10. PRINCIPAL OUTSIDE Surname 
PHYSICIAN: First name 
- and initial 


Street, Apartment 
City 
Postal code 


Province 


or State 





11. OTHER OUTSIDE Surname [f 
PHYSICIAN: Piki- naria Na 
and initial applicable 


Street, Apartment 
City 
Postal code 


12. CODED INFORMATION: 


PROVINCE CODE: | Newfoundland NFD Manitoba 
Nova Scotia NSC Saskatchewan 
Prince Edward Island PEI Alberta 
New Brunswick NBR British Columbia 
Quebec QUE Yukon Territories 
Ontario ONT 

STATE CODE: Use standard two letter coding. 


PV-1-OP-PRO 





MAN 
SAS 
ALB 
BCO 
YUK 
North West Territories NWT 


FIGURE 2. Patient identification . 
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mation" may be used for any data not included in the balance 
of the form. The data contained in this form are also key- 
punched onto the computer and updated as necessary. The 
operative profile form is designed to allow for any possible 
combination and permutation of cardiac procedures with 
respect to either the same or separate operations, as shown by 
the worked example in Figure 3. The sequencing of all other 
forms in the reporting system relates to the dates of the vari- 
ous operative procedures so that the operative profile form 
becomes the pivotal organizing element in the system of 
forms. 

Preoperative form (Fig. 4): This form and remaining 
basic forms in the reporting system have been designed as 
checklists suitable for direct computer entry by. means of 
mark-sense document readers. The data are entered onto the 
form by the simple process of blackening the appropriate areas 
with an ordinary lead pencil. The mark-sense forms have 64 
lines available for data entry and all begin with the patient 
identification/chart number. Space is also provided for the 
names of the patient and the physician completing the form 
and other related data. This information is helpful in the day 
to day use of the forms and, because the physician completing 
the form is identified, responsibility for the completeness and 
accuracy of the data obtained can be assigned. 

'The preoperative form includes the date of the associated 
cardiac catheterization, the report of which may be added as 
a supplementary form (Fig. 1). The balance of the form in- 
cludes a detailed functional enquiry under the headings of 
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New York Heart Association functional class; symptoms; 
history of thromboembolism or endocarditis, or both; em- 
ployment status; and medications. Space is provided for re- 
cording information on the electrocardiogram, including es- 
timation of Estes left ventricular hypertrophy point score, 
special studies, hemoglobin, reticulocyte count, lactate de- 
hydrogenase and cardiothoracic ratio. Reports of special 
studies, including echocardiography, phonocardiography, 
exercise test and nuclear angiography, may also be added as 
supplementary forms. The preoperative form concludes with 
the date of the associated operation. 

Operative form (Fig. 5): This form pertains only to 
prosthetic valve operations and includes the date of operation 
and direct observations by the surgeon of gross valve disease 
or coronary artery, ventricular, atrial or other significant 








disease. Technical details with regard to cardiopulmonary ~ 
bypass, myocardial protection, suture techniques and intra- | 


operative complications are also recorded. 

Postoperative form (Fig. 6): This form describes the pa- 
tient's postoperative course in the hospital with special em- 
phasis on prosthetic valve-related complications, infection, 


postoperative length of hospital stay and medications on © 


discharge. These observations provide a basis for comparison 
in subsequent follow-up assessments. If more than one pros- 
thetic valve-related operation is performed during the same 
hospital admission, preoperative and postoperative forms are 
filled out for each operation but the postoperative length of 
stay is calculated from the date of the last operation. 


OPERATIVE PROFILE 


IDENTIFICATION/CHART NUMBER: 


/ i213)4|5j6 


Other Cardiac Procedures 
(see code) 


^5 
6 
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FIGURE 3. Operative profile form completed for a hypothetical case. This patient had a closed mitral valvotomy (12) in 197 1 followed by replacement 
of the aortic and mitral valves in 1974 using Starr-Edwards (SE) and Bjork-Shiley (BS) prostheses, respectively. In 1975, the Starr-Edwards aortic 
prosthesis was repaired, and at this time vein grafting to the right (27) and left anterior descending (29) coronary arteries was performed with the 


2 weeks later. 
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. aidofan intraaortic balloon pump (33). This procedure was corriplicated by complete heart block, and a permanent pacemaker (23) was implanted 
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2:3 c3: ao ca c2 cIa cB Bao c0:51cX5 UNK. 


Year 13 che vee NE E: BO caer cD Leer I 


PROSTHETIC VALVE REGISTRY PREOPERATIVE FORM —__ 
j PATIENT IDENTIFICATION d3:23:323 ches cH Ha Ja chao c93 Oal UNK a 
E IDENTIFICATION / CHART NUMBER: EN pi: Ea DETEN ER? EE ES EE. 
| SURNAME: | | : 3 ea dia Sa ch Fs Ba Ba -05|-X; UN 
à FIRST NAME AND INITIAL: Su dgio Aa tegis ce pe er UE 
| ATTENDING CARDIOLOGIST : - c5 d rta Bsa x22 Ba Ba cOulicX UNK Ios 
PHYSICIAN COMPLETING FORM: 332 d5 63 O39 c135 Ba 8s :03|-XS UN 
P HOSPITAL OF CATHETERIZATION: — .— =< le Edu p E ELS D À trf Bike Ay 3t EXGENS e 
ASSOCIATED CARDIAC CATHETERIZATION: Day - 3 05:35 tha 065 c$2 0322 Bo Bn Asics UNC 
$:2.:23 635 Ah $3 082 cP Ba. 0:83 00:3] cs UNK 
Month -— ce-r:32t45 3 ca cJa c Ha c0::|1-2X. UNK p 
1 2 3 4 5 6 7 8 9:2 cf X- UNK 
i Ve - j 12:3 cB ch (0$ $32 22:83 $a d0:lcX5 UNK dex 
E. te 25 3a ces bo 6a 03:82 Bs Och UNE 
E NYHA FUNCTIONAL CLASS: See code | 5 dan 2b 135.74 X UNK — 
t SYMPTOMS: A=None B=Angina C-Fatigue Limiting (one) cA Bo 5 iD cEs cho c65 cH» cdo c cafes UN 
| D=SOB  E-Orthopnea — F-PND Other Acs Bir Oe ta t8 da Gein ct X UNK . — 
k G=Palpitations — H=Syncope 1-S0A C eS te o g03cuot32t3Bb558359- 
| HISTORY OF THROMBOEMBOLISM: — Y-Yes N-No Y N X UNK .— 
P If yes, A-Cerebral B=Peripheral Total number (1-8) Aa B: cla 2s Ba chs Sa Ga Ta Bap UN 
ENDOCARDITIS: Y-Yes N=No Y N X UNK 
1 If yes, A=Active B=Treated within past three months A> Ba Ca J 3 jpoX^ UNK 
C=Remote 
EMPLOYMENT STATUS: A-Full time B=Part time (As Bs OC: Da ee oe cabe a 
C=Unemployed 0=Housework i 25-335:345.5.:8. TDs Bo 95 Dole UNK 
If "B" or "D', percentage of time ; $s 2o 3a We §a Bo Jo Bs Ba Daleks UN 
b If not working, A=Physically unable — B-Emotionally unable AS o <0 3° dISU ES CT X. UNK i23 
' C-Physician's advice ^ D-Retirement age 2 2 tet B cotuoclBc2gtutuaMEsewy V 
| E-Employer will not hire — F-Not motivated oasis 
E MEDICATIONS: A=None B=Digitalis C=Diuretics D=Potassium (A> Ba Ça D5 Ea Fa 085 06 cla ajo UN 
3 E-Inderal  F-Quinidine G=Pronestyl — H-Anticoagulants 
É l=Antiplatelet agents J=Nitrates C: C: 2a mnuri-3u€21-gdi LEITET UT 
| ELECTROCARDIOGRAM: A=NSR B=Atrial fibrillation A. 8: 02 cs ck X. UNK 
| C=Atrial flutter D-Pacer E-Other t: C gius "3 Saas Sa eae Sd ta ee E A. 
I Estes LVH point score See code 1 45 ($3 03 c$3 035 013 908» 035. 195] 6X3 ON 
ola (25 35 dio ds di Jo 85 195 D UNE 
E: LV strain — Y-Yes N=No Y N X UNK 
3 Infarction A-None B=Ant  C-Inf OD=Lat  E-Post (A> tB Ea cha cf c c3[cX» UNK 
É SPECIAL STUDIES: A=Echo 1D — B-Echo 2D Ac Bo c6» ds cf X UNK __ 
E C-Phono  D-Exercise test — E-Nuclear angio ee eo rea nee gom d EE s 
4 HEMOGLOBLIN: — (g/100ml) 15:25:35 0463 095: 783 323 35 195 c03|-X3 UK 715 
É E UST |: c2: c3: tH cB: bs Jt) cB 095 :05|cX5 UNK on 
f Ske cd Ce ckEZtbccbhu50] X NK 
, RETICULOCYTE COUNT: (95) t1: c22 r3» tH5 cH c85 c3 cB c93 c9: 3103€ UNK Lon 
5 T: 23:35 na t5 co Fs Ba Ba 002] XXG-UNK 
k thv u.3c4 ch ob oh ob ch 0: UNK 
; LOH: (IU) Fo 253 (35: 0/3 (52 085 013 085 693 c3] XS UNG 
S r2 c2: «33 th *523 cho c33. cB c8»5 cB31loX» UNK lo. 
$ $= 25 632 Aa iSo Bs 183 (93 krea UNE 7 
| efo 25 c32 a 0535 Ba Js cB cB cB il1cX5 UNK 
i CARDIOTHORACIC RATIO: Calculate % 12:23 035 c$5 ho Bo tTa Bo 09: :9-|-X: UNK E 
| ate roc du o tercer tfo c2: c3 cA cH go tJa «823 oO c0:|1cXS UNK pod 
j DATE OF OPERATION: » qu EErEE: CE: EE- EES ECE: CE ERE EIS SN 
: | | Y 1:2 25 8a dia cBa.cs cla (83 29:3 a UNK 
| - Month JE arpa c323 043 cba 65 Ja c83 093 Oa] UNK E^ 
l^ 1 2 d^3 sea c5 6 ]:3 cB 9. .0 |- UNK 
| 2 
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FIGURE 4. Preoperative form. 
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PROSTHETIC VALVE FOLLOW-UP REPORTING SYSTEM—MacGREGOR ET AL 


stat vw rPB ] COUPER 


PROSTHETIC VALVE REGISTRY OPERATIVE FORM __ 
Cia cP cga c4 cao c5 c7 c85 c9 cO jX ONK 
12 0:23 62399 Sa Gs chs cB E S Xs OK 
cedo cES cgo og chs tp cp cgo cp ctf UNK 
.] 23 rc$s c4 c83 chr cJ c82 c87 choi: NK 
fo c25 c3s eg cho cgo ch <B> cB c0: cX- NK 
12 023 732 c4 585 c82 c7: c83 0983 Oi UNK 


Day cp cz cga cg c3 c85 cT cf Gs c0» CX. ONK D^ 


PATIENT IDENTIFICATION 
IDENTIFICATION / CHART NUMBER: 
SURNAME: | 

FIRST NAME AND on CHRONO REUS VEU CS 
SURGEON : 

PHYSICIAN COMPLETING FORM: 
DATE OF OPERATION: 





























































1 4:32 Ae cB3 £85 «73 c85 cga cta jX UNK 
Month Sp c22 EP cH ch cgo cp cg —9g» —gQ^|-X^ UNK E I: 

T jo 2s Cogs 583) ch 6D re c8» -0:|-Xo NK 
(ew C33 c25 ek c3 coh cgi c» cg: c9. cje UNK na 
1 2 3 4 5 6 7 8 9 0| X UNK — 
GRUSS VALVE PATHOLOGY, S-Stenotic Aortic SOP N WA OP de 2€ 3€ AFE UNK — 
l=Insufficient E=Endocarditis Mitral S: epo SES No NA. Oe de 2e 3e 4e] UNK 
N-Normal NA=Not assessed Tricuspid S» cl» c£» ONS NA 0e 14e 2e 3e 4e|cX UNK — 
Calcium — (0-4 ) Pulmonary S | E N NA O+ 14 24 34 4«-| X. UNK Tu» 
GROSS CORONARY ARTERY PATHOLOGY: RCA Eyo cN^ We 2-2 BABE = cyo CR NA |-Xe UK 
Y=Yes N=No NA=Not assessed LCA Y N NA CIRC Y N NA|X UNK __ 
GROSS LEFT VENTRICULAR PATHOLOGY: A? cB» cts cp CES WA Co ee a RK 
A-Hypertrophy B=Dilatation — C-Fibrosis y 
D-Aneurysm E-Normal NA=Not assessed COJCt268CoOrgesc3ta tu msEde21 - 
GROSS ATRIAL PATHOLOGY:  A-Dilated — B-Friable RA A> :B-.-£ D NA X UNK .— 
C-Thrombus D=Normal ^ NA-Not assessed LA A? Bo ta Do WA c5 c5 c2c2c2]6 UN. 
OTHER SIGNIFICANT PATHOLOGY: Y-Yes N=No Y N X UNK — 
HEMODILUTION: — Y-Yes N-No cya cS 62 gs Sei se a 
HYPOTHERMIA: A=Mild (33° - 37°) Ao -B^ *£ D E F G X UNK ,. 
B-Moderate (28°- 32°) C- Intermediate (20°- 27°) Cy 23 (23 E4396 230.0 Gs og) Be ea ee Is 
D-Deep (<20°)  E-Core F-Local G=Both ria 
CHEMICAL CARDIOPLEGIA: Y=Yes N=No Ya CN» ı : c- 23 J ake T E wu HW. B 
LEFT HEART VENT: Y=Yes N-No Y: =N X UNK __ 
If yes, A=Ventricular B=Atrial C=Other CAI cBo cg tc ae CS ae ae a Sie e. 
DURATION QF BYPASS: (min) H 2 63S egy 585 683 075 €83,59: 002 |: NK e: 
cd: c2» cgo cdo och chs cT CR c8: Hp icy UNK BE 

1.12: 533 54b che ch oP £85. 085 ci: ]eXo. UNK 

DURATION OF CLAMPING: (min) cj 025 cp c4» chi of cd ctp ce Coole UNK 

1 2) cgo c4 CBs oc rp» BS c9 -02|-X NK 

r3 c23 c$35 ogo ch cg ep Ega 95 cp» [c xo UNK 
DURATION OF CORONARY ISCHEMIA: (min) 1 2° $2 c4«^-83 cg 67s 6B CQ cg cg NK 
Right cP c22 $a ch c83 chi c. cB cgi cH Ics UNK ms 
1 4-c-$2-4 c CR SP og CG cvpkeo uw 
r^ c2» oy cg $32 Cg c7 cg cgi Cp jE UNK an 
Left ie sit oa cee Se ee es c ee ie Oe 
Efa ch cc $a c4 ccs eGo c7: c8: cgo cg c UNK |. 
CORONARY PERFUSION: — A-Continuous Right A^ Bo cC X UNK __ 
- Be=Intermittent C=None Left CA) cB3 r$ tc ::2 C3 J t cX UNK . 
CORONARY CANNULAE: A=Ring  B-Balloon C=Other Right A> <B> oO c0» cEo cf 6 X UNK __ 
D-Large —E-Medium F-Small G-None Left CA? cBs c3 fb cB cf c6» 65 coc alae ON 
VENTRICULAR FIBRILLATION: A=Induced — B-Spontaneous A! B» ofa 7D» ct F206 X UNK. . 
C-Both D-Intermittent | E-Continuous CI aoe ac ae Sea «€ acmsps. 
F=Countershock required G=None LES 
EMPTY BEATING HEART: A-Intermittent cA (hatha eae sae a eS Se ahs —X^ UNK Be 
B-Continuous C=None ! w 
 COUNTERPULSATION REQUIRED: A-Preoperative EA ES a CRED UC Sa SVR SR ee Shs —X^ UNK ELS 
B-Operative  C-Postoperative — D-None | A 
SUTURE TECHNIQUE: ^ A-ínterrupted Aortic CAS (82 CCo c o2 c Tricuspid: ^ cA Bo CC}: NK Lu 
B-Continuous ^ C-Pledgets Mitral A3 Ba tQa Pulmonary A: 82 c£2|-X» UNK —— 
SIGNIFICANT HEART BLOCK: Y=Yes N-No | cya to ca loca a ee ESS UN ds 
SUPPORT DRUGS REQUIRED: ^ A-lsoproterenol B=Dopamine A: cBo Os cfs c£ cf : : : X. UNK 
C=Digitalis D-Catecholamines E=0ther F=None S22 Ves Sn ee ea ca ea taeae So 
PERFUSION PROBLEMS: Y=Yes N=No Yo cc c2 jc | X. UNK 
A : Y=Yes N-No Ya Rec. racacscaca ca 6c S16 OK E. 
TECHNICAL PROBLEMS: — Y-Yes N=No Y= cN t: 23 | a X> UNK 
| LEMS:  Y-Yes N-No Ya Na cg ca gaca gcanann a e ajek UK Tan 
R-Reoperation for bleeding | 3 eg 2 3 tUSNE Yu t | Mo 
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FIGURE 5. Operative form. 
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Follow-up form (Fig. 7): This form is not linked to any 
particular operative procedure but is used after the first 
prosthetic valve operation to record assessments after hospital 
discharge. It includes essentially the same questions that 
appear on both the preoperative and postoperative forms. 
Follow-up visits may be scheduled for a variety of reasons, 
including a routine annual assessment, a change in symptoms 
or functional status, development of a valve-related compli- 
cation, a research follow-up on a specific patient group or 
special circumstances such as a prosthetic valve recall or a 
preoperative assessment for a noncardiac operation. 

Mortality form (Fig. 8): Finally, the mortality form in- 
dicates the date of death and includes the clinically ascer- 
tained cause of death as well as the autopsy findings when 
available. Provision has also been made for a description of 
the presence and severity of structural alterations in the ex- 
planted prostheses. 


Discussion 


The implementation of a computer-assisted reporting 
system such as we have described involves the cooper- 
ation of a large team that includes surgeons, cardiolo- 


PROSTHETIC VALVE REGISTRY 


PATIENT IDENTIFICATION 
IDENTIFICATION / CHART NUMBER: 
SURNAME : 
FIRST NAME AND INITIAL: 
ATTENDING CARDIOLOGIST : 


PHYSICIAN COMPLETING FORM: 
DATE OF OPERATION: 









Day 
Month 
Year 
HISTORY OF THROMBOEMBOLISM: Y=Yes N=No 
If yes, A-Cerebral B=Peripheral Total number (1-8) 
Postoperative month of first embolus 
PROSTHETIC VALVE ENDOCARDITIS: 
Y=Yes N-No  P=Possible 
INSUFFICIENCY MURMUR OF PROSTHESIS: Aortic 
Grade (0-6+) NA=Not assessed Mitral 
Varying intensity Y-Yes N=No Tricuspid 
DIASTOLIC MURMUR OF MITRAL PROSTHESIS: 
Grade (0-6+) NA=Not assessed 
OPENING SOUNDS:  A=Normal Aortic 
B=Abnormal NA=Not assessed Mitral 
CLOSING SOUNDS: ^ A-Normal Aortic 
B-Abnormal NA=Not assessed Mitral 
WOUND INFECTION:  Y=Yes N=No 
STERNAL DEHISCENCE: Y=Yes N=No 
REACTIVATION SYNDROME: Y=Yes N=No 
P=Possible 
POSTOPERATIVE LENGTH OF STAY: 
Days 
DISCHARGE MEDICATIONS: A=None B=Digitalis C=Diuretics 
D=Potassium  E-Inderal F=Quinidine ^ G-Pronestyl - 
H-Anticoagulants ^ l-Antiplatelet agents J=Nitrates 


FORM NO. 50919 PV-1-POSTOP 


FIGURE 6. Postoperative form. 
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gists, pathologists, research assistants and computer 
personnel. Success depends most critically on rigid 
control over the accuracy and completeness of all data 
collected and, we believe, demands the appointment of 
a “quality control officer.” In our experience, such a 
person is required to ensure that the forms are actually 
filled out appropriately and to remind the physician 
involved to remedy specific cases of inaccurate or in- 
complete responses to questions on the forms. An ad- 
ditional safeguard has been built into our reporting 
system in that the computer rejects any form in which 
an incomplete or inappropriate response appears. If 
data to answer a specific question are unknown, the 
physician fills in the far right column labeled UNK, 
whereas if the question is not applicable the response 
is designated X. This procedure ensures that those 
filling out the form provide a response for every ques- 
tion. 

Our computer-assisted reporting system is capable 
of fulfilling a number of important service functions. 
These include the generation of a supplemental oper- 


POSTOPERATIVE FORM 
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PROSTHETIC VALVE FOLLOW-UP REPORTING SYSTEM—MacGREGOR ET AL 





PROSTHETIC VALVE REGISTRY FOLLOW-UP FORM 
PATIENT IDENTIFICATION da ga Ba rho cga Ba Ja 83:93 0:510. UNK 
IDENTIFICATION/ CHART NUMBER: T3 :23 t35 Ag rh chs t9 085 :95 -0:|cXo. UNK 


N^ 


a a cQ db Ha cB EJs cB c95 Baal cK UNK 
























C-Phono  Ü-Exercise test — E-Nuclear angio 
HEMOGLOBLIN: ^ (g/100 ml) 13 022 tgo > ga c$3 > Ba t3 cos xs UNK 
m T2 3 4 5 6 7 8 9 0 X. UNK 
3 p2 3a cM p§o cb ch cB ce cea UNK 
2 3 4 55 ch 7 8 9 0 X- UNK 
3:22:33 4 ca cha c33 :83 Os Dafi UNK 


SURNAME: Vo :225:3::04«. 35 $2 ob cP 085 93 0:3] X». UNK 

FIRST NAME AND INITIAL : (4-3 :22 r3: 045 c$ 3 c82 cJa :*85 Ba c0-|—X- UNK 

PHYSICIAN COMPLETING FORM: 1 25 095,042 783 :8$75 61:183, «9: (1 X UNK 

DATE OF FOLLOW UP: Day {3 pEr E 3 3 9:5 :05| X^ UNK 

1 1 22 t3 5 i UJ X UNK 
Month "m 3 1225 63a dia r2 cha c1» 85 :95 QalcK UNK E 

1 £25:32 r$3 85 083 25 185: 0930 X UNK 
vu cf. 22 c3 53 Hh c5» 6^ c2: c8:3 c9: cH X UNK E. 

1 25.0) rh cs uuo rA X- UNK 
NYHA FUNCTIONAL CLASS: See code $3 gan M5 ga Aa ca ea ea eae UN 
SYMPTOMS: A=None B-Angina  C-Fatigue Limiting (one) A> Baa cps E F2.r82 «Ho X UNK __ 

D-S0B  E-Orthopnea F=PND Other do Ba Ca D» cES Fa c65 dH» ds c s[e6 UN 
G=Palpitations H=Syncope 1-S0A is 
SUBJECTIVE RESPONSE TO SURGERY:  A-Greatly improved A> di $5 d» cE ir : c3 ro3]oX3 UNK . 
B- Moderately improved C-Slightly improved D-Same E-Worse | ree 
EMPLOYMENT STATUS:  A-Full time B=Part time A^ B> d 3 D it cape. UNK 
C-Unemployed | D-Housework v MSE a Gas ie ee ee ene vie yc) 177 
If "B" or "D", percentage of time qo i22 c32 do go 085 Pa Bo 695 cis] ON. 
If not working, A=Physically unable B=Emotionally unable Koen E F X UNK .—. 
C-Physician's advice  D-Retirement age J (t : ce ce a e 
E=Employer will not hire F=Not motivated PT 4 
MEDICATIONS: A=None B=Digitalis C=Diuretics D=Potassium ‘A> Bo» Ds x5 Fs c6» di3 c» car ox» uu EA 
E-Inderal F=Quinidine G=Pronestyl H=Anticoagulants | s Albe 
I-Antiplatelet agents  J-Nitrates 8 ga. E “Qe. ea eka eae aaa a 
HISTORY OF THROMBOEMBOLISM: Y=Yes N=No Y cu X UNK | Á 
If yes, A-Cerebral B=Peripheral ^ Total number (1-8) A> Bo ga (25 63> cho cha 082 cfs 0823| UN 
Postoperative month of first embolus de 2::95 ORS hs 08:713 585 092 34 XS UK 5 
12 (22 323 045 cH cB> c23 cB. 0923 Pic UNK TP 
SIGNIFICANT ANTICOAGULANT HEMORRHAGE: Y- SR «px sd 253 23> Bay 5:5 08: 13 X UNK E 
Y-Yes N=No =Possible Number since surgery Er 53° Pe NC! ao ES ora ee ee, ee eee) pee UM 
PROSTHETIC VALVE ENDOCARDITIS SINCE SURGERY : Y wt uP X UNK . 
Y-Yes N-No P=Possible C È E2215 mS se eE SI 5 eae aA Ems 
INSUFFICIENCY MURMUR OF PROSTHESIS: Aortic O+ 14 2+ 34 44€ 8+: 6+ NA^ YNA UN 
Grade (0-6+) NA=Not assessed Mitral HI T+) 24> 96^ 445 642 GE NA "Yo :N |—X^ UNK 
Varying intensity Y-Yes N=No Tricuspid O+ 1+) 2+) 34 4+) $9: G+ NA: YN [X UNK 
DIASTOLIC MURMUR OF MITRAL PROSTHESIS: O+> 145 242 GA € G49 G42 NA - 2 c 3| UNK 
Grade (0-6+) NA=Not assessed LM 
OPENING SOUNDS: A=Normal B=Abnormal Aortic A> B° NA^ E t cat ee UNR 
NA=Not assessed Mitral A B NA X UNK __ 
CLOSING SOUNDS: A-Normal B=Abnormal Aortic A B NA (23 £3 ee 3 Co 02 tt 22 t: Peo UNE gu 
NA-Not assessed Mitral A B NA X UNK |. 
ELECTROCARDIOGRAM: — A-NSR B=Atrial fibrillation (A> :B cC d c£ J Irae a capes UN 
C=Atrial flutter D=Pacer — E-Other GF 
Estes LVH point score See code oa ogo ths o H 025 c85 Ga Ha UNK 
T $5 3493/0425 ($5 083 01323 085 95 105 XS. UNK. 
LV strain Y=Yes N=No Tyo Bo 2 tat Se ct 3 c 23|*30 UNK Lh 
Infarction A-None B=Ant C=inf D=Lat  E-Post A- B- €- D Æ X UNK _ 
SPECIAL STUDIES: A=Echo 1D  B-Echo 2D (AD Ba @ 3 ths c€s 3 sr: (aoe a eae UM. 


RETICULOCYTE COUNT: (%) 





x22 63s c4 c§2 ch ob ¢ 8s 58: 205] UK 
LOH: (IU) rdc c3 cb» cha cba ca CBs Ha Ol X5 UNK T] 
LIT tas 143 ch chs c7 8 3. 0| X UNK . — 
j jt a eha tga 43 c$3 c3 c13 Ba c9: c0] eX UNK Te 
Py 8 palais £323 cha 052 582 013 B85 095 Pa] chs UNK 
CARDIOTHORACIC RATIO: MS Calculate % 42:23 c32 cs Sao cho Ta Bo Bs cP eX VNK Pe 
E GOSVPALD EU CE | SN tc ae es il: d $205 :82:9: d5|-X: UNK 
FORM NO. 50919 PV-1-FU ANTHES COPYRIGHT © TORONTO GENERAL HOSPITAL, CARDIOVASCULAR DIVISION 


FIGURE 7. Follow-up form. 
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ative report for the patient’s record, follow-up reports 
to the referring physician, notification of clinic ap- 
pointments to the patient and questionnaires to the 
patient and referring physician. The system can also be 
used to facilitate a wide variety of clinical research 
studies. Examples of research questions that are cur- 
rently of interest to us are: To what extent does a high 
pulmonary vascular resistance alter operative mortality 
and late results in mitral valve replacement? How does 
ischemic arrest compare with chemical cardioplegia in 
relation to long-term left ventricular function in aortic 


PROSTHETIC VALVE REGISTRY 


PATIENT IDENTIFICATION 
IDENTIFICATION / CHART NUMBER: 












SURNAME: 
FIRST NAME AND INITIAL: 
PHYSICS COMPLETING FORM: 





TIME OF DEATH: A=Operative 
eB ear (within 30 days) C=Late 
DATE OF DEATH: Day 
Month 
Year 
CLINICAL CAUSE OF DEATH: 
A-Thrombosis/Embolism B=Infection C=Dehiscence 
D-Hemorrhage X E-Ball Variance 
F=Myocardial infarction | G- Myocardial failure 
H=Cardiac (other) -Non cardiac 
J=Sudden death (unexplained) K=Not yet determined 
AUTOPSY PERFORMED: — Y-Yes N=No 
AUTOPSY NUMBER: 
AUTOPSY RESTRICTED TO HEART: Y=Yes N=No 
AUTOPSY CAUSE OF DEATH: 
A=Thrombosis/Embolism B=Infection C=Dehiscence 
D-Hemorrhage — E-Ball variance 
F-Myocardial infarction — G- Myocardial failure 
H=Cardiac (other) l=Non cardiac 
J=Sudden death (unexplained) K=Not determined 
STRUCTURAL ALTERATIONS IN EXPLANTED PROSTHESIS: 
A-None B=Mild C=Moderate D=Severe 
Structural changes in poppet or cusp Aortic 
Mitral 
Tricuspid 
Pulmonary 
Structural changes in struts or stent Aortic 
Mitral 
Tricuspid 
Pulmonary 
Structural changes in valve seat Aortic 
Mitral 
Tricuspid 
Pulmonary 


FORM NO. 50919 PV-1-MORT 
FIGURE 8. Mortality form. 
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valve replacement? How do various models of heart 
valve prostheses perform in terms of durability, he- 
modynamic efficiency and biocompatibility? These are 
just a few examples. 

In conclusion, we submit that a computer-assisted 
methodology is the only practical way to provide ade- 
quate follow-up on a large population of patients. Ad- 
ditionally, direct access to relevant information helps 
to create an environment in which essential research can 
be carried out in the face of a demanding clinical prac- 
tice. 


MORTALITY FORM 


4a 625 cga 43 c5: cf > eB cB «05|-X: UNK E 
0523 c32 ba Bo cla cs cB 082 ci|cXs UNK 
“Qa Qa 32 ho Ba Os Jo cB Oo Hafka UNK S 
02:22 c32 dio i5 03 cla cp ci dalek UNK 2) 
43:23 a di cha c3 Ja Bs c93 c95| 0X UNK 

1 22:392 4*2 $^ 6 Jo c-83 cgo :07|-X^ UNK 
[Ses ie ee ee ec e a CE 
92 t2> 32 AD HD gao Ja c83 c92 :923| 0X UNK ae 

1 2-3 63:35 Ha r$» th Ja «8: c95 :05| X5. UNK 
- 5 09- 63> cd $a cgo Ja $a $ cD] cX> UNK LU 

1 22 33:82:95 3 Ta Ba c9: c0:5|-Xs5 UNK 
(43:223 635 cA ch gao -73 c83 ARa UNK E 
yE eee ene eae eee Pa a eee Eee Ge eee 
Ao Bo Ca Ds Æo cho c3 62563 € 3|[eX» UNK i 
65 Ho cfs we c X UNK S 
r 6 3:55:39 J $t c ^ i M dE See 
C r C cota J 3 by: 
- Ev: m Be hy Soi: A eden e ee 3| -X*^. UNK E 
05:22:32 che eh 082 7-85 Be E, a 
42:23:33 a Ha c$5 Pa Ba eB Aae UNK E: 
01:235 dia hs 8c 13:85 -95 095 | XO UNICO 
12:23:32 Aa hu c$5 013 Os 092. Oak UC 
Y ON X UN —— 
A: Bz Cz D^ c£» cf c 3 3| -X> UNK vds 
65 Hs cd os X UNK ___ 
] 2211 [ c b J [ [zd MM 
( 9 J [g9 xs 

2 J ] 3 (d ok 

C 5 C fa ea 
AB So (D X UNK __ 
A> Bo :£^ D alex UNK 
A: GB» a0 D X UNK . 
A^ :B :C Da ;| X5. UNK a^ 
(Ao t8 cf 2. co» E sc XI UNK 
AK» -8.: E D X UNK __ 
Ao cB d» dis e£. C c cx UNK ... 
A-8030: X UNK __ 
re WC > UEL 1 ee “n J 3 d GC JEL > TER es: | ES x 
A: goo d X- UNK __ 
cA: cB 63 d) z t3 ERA ae 
Ai LB ate D X UNK . 
cA2 CBs c£ psa cas CS fe Ste. ‘Cr 3 ECs NN E. 
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A miniaturized technique for transcatheter endomyocardial biopsy has 
been developed in the belief that myocardial biopsy performed in infancy, 
when the disease process in cardiomyopathy may be most active, should 
yield important etiologic and nosologic information. To obtain six biopsy 
specimens, three from each ventricle, adds about 1 hour to a diagnostic 
right and left heart catheterization. A no. 4 or 5 French forceps with a 
modified soft shaft is guided to the site in the apical septum of the right 
and left ventricles through a previously molded to measure guide tube of 
ultrathin radiopaque Teflon. With biplane fluoroscopy the guide tube is 
introduced as a sheath over a matching catheter and the catheter is re- 
moved. Contrast medium is injected to verify position, the forceps is in- 
troduced and the biopsy specimen is taken. If the forceps is sharp and 
pressure on the endocardium is light, evidence of biopsy is not discernible 
on examination of the heart 1 week later. The method was developed in 
small dogs and proved safe and effective in rabbits weighing 3 kg. Biopsy 
has been performed safely in children aged 4 1/2 months to 5 1/2 years 
and weighing 4.5 to 19.6 kg. 


The understanding of diseases of cardiac muscle should be advanced by 
knowledge gained from greater use of myocardial biopsy. A biopsy 
technique for use in infants and children was devised to evaluate car- 
diomyopathy clinically manifest in these age groups, at a time when the 
disease process is early and active. This communication describes the 
biopsy technique and its use in 10 patients. Separate communications 
will deal with pathologic and virologic findings in the myocardium and 
the endocardium. 


Material and Methods 
Material and Equipment 


The usual material described elsewhere! for percutaneous heart catheter- 
ization is used. Three additional items are necessary for the biopsy procedure: 
biopsy forceps, an ultrasonic cleaner bath and “molded to measure" catheter- 
guide tube sets that replace the diagnostic catheters. These items require eth- 
ylene oxide sterilization and a detoxification period of at least 1 day. 

Each catheter-guide tube set consists of a forming stylet, an inner Teflon? 
catheter (no. 4 or 5 French) that is replaced by the biopsy forceps and an outer 
guide tube of ultrathin 4F or 5F radiopaque Teflon sheath tubing. An outline 
of the child's heart is traced from the posteroanterior and lateral roentgenograms. 
The position of the tricuspid and aortic valves and the size of the right and left 
ventricles and the aortic arch are estimated from these patterns as reconstructed 
conjecturally in three dimensions. Because these patterns are merely estimates, 
subject to later verification as the right and left ventriculograms are made during 
the catheterization, two guide tube sets of slightly different size are constructed 
for each ventricle. The one that appears to have the better fit is selected after 
ventriculography; the other is kept for standby use. First the stylets, of straight 
0.023 inch (0.058 cm) mandrel wire (Cook, Inc., Bloomington, Indiana), are bent 
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FIGURE 1. Patient 6. Tracings from a lateral roentgenogram to show 
the shape of the catheter-guide tube sets for the left ventricle (A) and 
right ventricle (B). 


smoothly by hand into the desired curves. Stylets for the right 
ventricle are fashioned to curve as gently as possible from the 
inferior vena cava through the tricuspid valve toward the apex 
of the right ventricle, with a second short curve pointing the 
tip 90? posteriorly toward the septum. The stylets for the left 
ventricle are curved to pass as gently as possible around the 
aortic valve and down to the apex with a short second curve 
directed 90? anteriorly toward the septum (Fig. 1 and 2C). A 
radiopaque Teflon catheter (Cook, Inc.) (the inner catheter) 





FIGURE 2. Patient 6. Details of the catheter-guide tube sets. A, the distal 
end of the set enlarged against a background of 1 mm squares, showing 
the innermost forming stylet of 0.023-inch mandrel wire, black Teflon 
no. 4F catheter tapered to the stylet and the outer guide tube of white 
radiopaque Teflon no. 4F sheath material. B, the proximal end of the 
set, showing the guide tube with the on-off stopcock, the inner catheter 
with no fitting (about 5 cm longer than the guide tube) and the stylet 
(about 5 cm longer than inner catheter); C, tracing of posteroanterior 
chest roentgenogram with an approximate sketch of trunk and thighs 
to illustrate the size and shape of the catheter-guide tube sets relative 
to this 4 1/2 kg patient. Each set has a double curve, that for the right 
ventricle finally curving 90? backward against the septum and that for 
the left ventricle finally curving 90? forward against the septum. 


is tapered distally to a single 0.025 inch (0.635 cm) hole and 
proximally is left without a hub. It is passed over the stylet so 
that the two distal ends match. The piece of radiopaque ul- 
trathin Teflon sheath material (Universal Medical Instru- 
ments Corp., Ballston Spa, New York) that will become the 
guide tube is cut off sharply at both ends (supported by a bit 
of catheter inside it to prevent flattening) a few centimeters 
shorter than the inner catheter. The proximal end is flared, 
and an on-off stopcock with its lumen drilled large enough to 
accept the 5F biopsy forceps is attached. The distal end is 
advanced over the inner catheter to the beginning of its taper 
(Fig. 2A). 

The lengths of the three components of each set are de- 
termined by the size of the patient. The guide tube should be 
about 5 cm longer than the distance from the groin to the bi- 
opsy site (Fig. 2C). The inner catheter is about 5 cm longer 
than the guide tube and the curved stylet is still longer by 
another 5 cm (Fig. 2B). 

'The four sets are assembled and their curved ends are im- 
mersed in boiling nonpyrogenic water for 15 minutes, then 
allowed to cool to room temperature, packed for protection 
against crushing and sterilized with ethylene oxide. 

The no. 5F biopsy forceps used in larger patients is either 
the standard FBIC forceps supplied by Olympus Corporation 
of America, New Hyde Park, New York for use with their fi- 
beroptic bronchoscope or a softer custom-made modification. 
For smaller patients a no. 4F bronchial biopsy forceps (Ma- 
chida BF 1410) has been modified by substitution of an 
especially soft shaft (Machida America, Norwood, New Jer- 
sey) (Fig. 3). These forceps are all treated similarly. Before 
each use, the cutting edges are honed by hand under loupe 
magnification with a pencil-pointed Arkansas stone. The 
forceps is cleaned ultrasonically, rinsed in distilled water, 
dried in a stream of air, sprayed lightly with Teflon aerosol 
lubricant and subjected to sterilization with ethylene oxide. 
(Autoclaving damages the forceps.) 

The gas-sterilized ultrasonic cleaner bath is placed on the 
operator's table and filled with heparinized saline solution for 
cleaning the biopsy forceps. 

Biplane fluoroscopy adds greatly to the precise control of 
the biopsy procedure. 
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FIGURE 3. Details of the biopsy forceps in open and closed positions 
enlarged against a background of 1 mm squares: A, no. 4F (Machida 
BF 1410); B, no. 5F (Olympus FB-1C). 
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TABLE | 
Biopsy Procedure in 10 Patients 
Biops TF 
Case Age Weight Specimens/Attempts* Time Timet 
no. (yr) (kg) C/T RV Lv (min) (min) 
1 2.5 11.3 0.7 2/2 2/2 50 15 
2 10 mo. 8.8 0.7 2/2 2/2 45 24 
9*5 4 16.8 0.7 3/3 2/6 61 21 
45 3 12.6 0.5 0/0 1/1 10 15 
5 2 9.8 0.8 3/3 3/3 50 26 
6 4.5 mo. 4.5 0.8 3/3 1/1 37 20 
7 7 mo. 1.5 0.7 2/2 3/3 32 15 
8 1.5 5.9 0.8 3/3 2/6 122 20 
9 6.5 19.6 0.6 3/3 3/3 56 32 
108 5 18.4 0.6 3/3 0/0 45 58 


* Attempts = actual passages of forceps into ventricle. 


t Time elapsed from end of diagnostic catheterization to end of biopsy procedure. 

t Total fluoroscopic ‘‘on"’ time for diagnostic catheterization plus biopsy. 

3 Case 3: Left ventricular biopsy could not be obtained in four attempts because of tough endocardium; two specimens contained endocardium 
only. Case 4: Elected to take only one specimen (patient’s condition had improved). Case 10: Left ventricle could not be entered because of pseu- 


docoarctation and aortic valve stenosis. 


CT = cardiothoracic ratio by X-ray; LV = left ventricle; RV = right ventricle. 


Technique of Biopsy 


The patient is placed on the catheterization table in the 
usual manner, and the right and left sides of the heart are 
catheterized by way of the femoral artery and vein percuta- 
neously using methods described previously.! After comple- 
tion of the hemodynamic and cineangiographic studies, in- 
cluding biplane right and left ventriculography, the diagnostic 
catheter is removed from the femoral vein over a straight 0.021 
or 0.025 inch (0.053 or 0.0635 cm) guide wire and is replaced 
by the selected guide tube-catheter pair after its stylet has 


been removed. With use of appropriate soft-tipped guide wire 


(straight or curved, or both) in advance for safe manipulation, 
the pair is gently advanced to a position in the right ventricle 
near the apical portion of the septum, a relatively safe and 
informative site for biopsy. Once there, the inner catheter is 
removed, the guide tube remaining in contact with the endo- 
cardium. Because it has only an end hole and a large bore, the 
guide tube must be retracted slightly to enable ventricular 
blood to fill it and displace all air. To prevent clots the guide 
tube is periodically aspirated and flushed with dilute heparin 
solution throughout the procedure. Total body heparinization 
is not needed. 

The following steps are performed under fluoroscopic 
control: A small amount of dilute contrast medium is gently 
injected through the guide tube to enable visualization of the 
detail of the endocardial region undergoing biopsy. If the 
position needs much readjustment, it may be necessary to 
replace the inner catheter, reposition the pair, remove the 
inner catheter, flush and again inject contrast medium. When 
the desired position is verified, the biopsy forceps is advanced 
until it presents at the end of the guide tube. The guide tube 


is retracted 1 cm while the position of the forceps is main- 


tained. This procedure uncovers the jaws, which are opened, 
advanced smoothly with only gentle pressure against the en- 
docardium and then closed. While the jaws are held closed, 
the guide tube is advanced slightly and held in contact with 
the endocardium and the forceps is smoothly withdrawn from 
the tube. The sample is removed from the forceps and pre- 
pared for study. The forceps is immediately cleaned with 
heparinized saline solution in the ultrasonic cleaner. The guide 
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tube is flushed and its position changed slightly so that the 
next biopsy specimen will not be taken in the identical loca- 
tion. If it is necessary to reassess the location of the guide tube 
with reference to the endocardium, another small injection 
of contrast medium is made. If the guide tube becomes grossly 
dislocated, the inner catheter with or without a guide wire may 
be reinserted to aid its manipulation to the area of choice 
again. The forceps is then reinserted and the next sample 
taken. After three specimens have been obtained from the 
right ventricle, the guide tube is withdrawn to the inferior vena 
cava and the procedure is repeated for the left ventricle by way 
of the femoral artery. If it has been anticipated that the left 
ventricle may be entered more readily by way of the foramen 
ovale from the inferior vena cava, a catheter-guide tube set 
will have been prepared in advance, molded to measure for 
that route in the specific patient. 


Results 


In the first 10 patients in whom the technique was 
used, a diagnostic right and left heart catheterization 
was performed immediately before the biopsy. Partic- 
ular attention was paid to injections into the right and 
left ventricles and the aortic root, the former to quan- 
titate ventricular function and provide orientation for 
the biopsy, the latter to rule out an anomalous coronary 
artery. Table I presents summary data on these pa- 
tients. With few exceptions the hearts were very large. 
Specimens were obtained from both ventricles in 8 of 
the 10 hearts. There was a minor complication in Pa- 
tient 8, who had hypertrophic cardiomyopathy. This 
patient’s left ventricle was very active and repeatedly 
ejected the guide tube, so that repeated efforts were 
needed to reposition it. More than average amounts of 
aspiration and flushing were needed, and a small blood 
transfusion was given after the procedure. Although 
blood is necessary after some diagnostic catheterizations 
in infants and children, it would not have been needed 
in this case if biopsy had not been done. 
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FIGURE 4. Section at widest diameters of a specimen obtained with 
a no. 5F forceps, showing normal thin endocardium at upper left (X90, 
reduced by 34 percent). 


Complications: Although severely affected patients 
were included in the group, none had a biopsy-related 
complication, except for the anemia noted in Patient 8. 
One or two premature ventricular contractions occurred 
in each patient at the moment the specimens were 
taken. No other changes in the electrocardiogram were 
noted in any patient either during the procedure or 
within a 48 hour follow-up period. 

'Ten days after the biopsy and 8 days after discharge 
from the hospital Patient 5 died suddenly. This child 
had extremely severe cardiomyopathy with a car- 
diothoracic ratio of 0.8. Death was due to her disease, 
and the postmortem examination exonerated the bi- 
opsy. Although three specimens had been taken from 
each ventricle, no gross or microscopic evidence of the 
biopsy sites could be found, nor was there any sugges- 
tion that thrombosis or embolism had occurred. Thus 
a serendipitous autopsy confirmed the triviality of the 
injury produced by a small sharp biopsy forceps applied 
with a light touch. 

The time required to take six specimens averaged 
about 1 hour. Little additional fluoroscopic time was 
needed unless there were unusual anatomic problems 
(Table I). There were no vascular complications. 

Biopsy specimens: Figure 4 shows a specimen ob- 
tained with a no. 5F forceps. This forceps has the same 
size jaws and yields the same size specimens as most of 
those currently used in adults in this country and Great 
Britain.2-> The no. 4F forceps yields proportionately 
smaller samples (Fig. 3), but because it is used in 
younger infants with smaller myocardial cells the 
quantity of pathologic information per bite is not much 
reduced. 

The detailed pathologic and virologic results in these 
first 10 cases are presented in other papers.®’ To date 
these few biopsies have yielded some hitherto unre- 
ported information on cardiomyopathy and endocardial 
fibroelastosis and helped in the genetic counseling of a 
family. 


Discussion 


The first transvascular myocardial biopsy technique 
was devised by Sakakibara and Konno? in 1962. They 
and their colleagues have studied with a record of great 
safety more than 800 patients of all ages including some 
infants (personal letter from Ds. Sekiguchi, Konno and 
Takao to P.R.L.). Few young children outside of Japan 
have been subjected to myocardial biopsy, mainly be- 
cause their technique, which was not specifically de- 
signed for infants, has certain disadvantages: (1) The 
stiffness of their biopsy catheter requires that it be in- 
serted into the carotid artery to permit biopsy of a 
child's left ventricle or into the jugular vein for biopsy 
of the right ventricle. (2) Cutdown on the vessel is re- 
quired because of the large caliber of the instrument. 
(3) Cleaning the biopsy catheter to remove all blood 
between uses is extremely difficult. (4) Vessels, valves 
and the myocardium can be traumatized by the free 
passage of the instrument in the circulatory system.? 


Advantages and experimental trials of the tech- 
nique: In the early 1970's, reports of transvascular 
myocardial biopsy began to appear in the United States 
and England.2? Richardson's bioptome* is a bron- 
choscopic biopsy forceps clothed with thin plastic that 
he introduced by a percutaneous entry sheath and 
manipulated freely into the right or the left ventricle. 
Our technique uses a similar forceps without the plastic; 
thus it is much smaller and more suitable for pediatric 
application and is easily cleansed ultrasonically. The 
need for some means of guiding the biopsy forceps to the 
site was shown in experiments in this laboratory on large 
dogs; considerable difficulty of manipulation was evi- 
dent and the aorta was perforated in one animal. The 
type of guide tube used differs from that suggested by 
Brooksby et al.? because it is “molded to measure” for 
the specific patient. This requirement was established 
by experiments with small dogs in which unshaped 
cuide tubes tended to fold where the curves were sharp. 
Finally, in a series of trials on rabbits weighing ap- 
proximately 3 kg, a special softer shafted forceps was 
found essential for small subjects. | 

The sheath material from which the guide tubes are 
fashioned is ideal for the purpose. It has just the right 
degree of elasticity and *memory" and sufficient radi- 
cpacity to permit exact visualization of the positions of 
the end of the tube, the forceps and the endocardium 
so that an endocardial electrode is unnecessary and 
specimens can be obtained with minimal pressure 
against the endocardium. In small dogs, specimens were 
obtained using light pressure and a sharp forceps 
without leaving a discernible trace when the heart was 
examined at autopsy 7 days later. On the other hand, ' 
xhen a dull forceps or heavy pressure was used inten- 
tionally, full thickness damage of the myocardium oc- 
curred. 


Clinical applications: Although a human neonate 
has not yet presented with clinical findings justifying 
biopsy, well tolerated transaortic biopsy of the left 
ventricle in 20 rabbits in this laboratory established the , 
feasibility and safety of performing a biopsy of the heart 
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of a full-term human newborn. Such an infant would 
normally have a heart at least three times larger than 
the rabbit hearts studied. How many specimens might 
be or need be obtained is not known; the limit of three 
from each side is arbitrary. It has not usually led to in- 
ordinate blood loss or prolongation of the procedure and 
has caused no evident trauma even in rabbits. 


We believe that transvascular endomyocardial biopsy 
can be performed with safety and convenience in infants 
and young children with the technique presented. 
Whether the procedure becomes widely accepted may 
depend on confirmation that early biopsy helps in ad- 
vancing the diagnosis, nosology and general under- 
standing of the cardiomyopathies. 
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Life Expectancy Without Surgery in Tetralogy of Fallot ise 


. .. ENRIQUE G. BERTRANOU, MD All published autopsy cases of patients with tetralogy of Fallot who died 
. EUGENE H. BLACKSTONE, MD without surgical treatment were studied to determine the life expectancy 
_ .. JANE B. HAZELRIG, PhD of such persons. In addition, the data from a study of persons with tetralogy 
is |. MALCOLM E. TURNER, Jr., PhD alive in Denmark in 1949 were reanalyzed. The survival data from these 
E JORN: W. KIRKEIN, MD, FACC two sources were remarkably similar, indicating that 66 percent of persons 
— . Birmingham, Alabama with tetralogy of Fallot not treated surgically live to age 1 year, 49 percent. 
E | to age 3 years and 24 percent to age 10 years; thereafter, the hazard 
ES function (or instantaneous risk of death) remains constant. The chance 
B. of survival is significantly less when pulmonary atresia, rather than ste- - 
E. nosis, is present. 


Surgical treatment is indicated for most patients with tetralogy of Fallot 


E. | | 

E and is usually effective. However, several questions remain unanswered, 
E | including how many infants with tetralogy should be treated surgically 
r and whether patients with tetralogy who survive into the third and fourth 
M x: decades of life require an operation. Data on life expectancy and other 


4 aspects of the natural history of persons with tetralogy of Fallot are re- 
E | quired to answer these questions. 

^H Randomized studies of the length of life with and without surgical 
E treatment in patients with tetralogy of Fallot are not now possible. - 
E. Therefore, we analyzed published clinical and autopsy data to estimate 
P the life expectancy of persons with tetralogy who were not treated sur- 
E gically. 


E | Material and Methods 


3 # The 1949 Danish study: The material for our study came from two sources. © 
| The first was from Rygg et al.,! who determined the ages of all persons with te- - 
tralogy of Fallot alive in Denmark in 1949. That year was chosen because until 


OH 1949 no person in Denmark had had corrective surgery for tetralogy of Fallot. 
E Fifty-four of the 216 persons with tetralogy had had palliative operations in 1948 
4 and 1949, and 5 had died at operation. Most of these 54 patients were older than 
E- age 6 years and all were older than age 2 years at operation. For the purposes of 


the study, all 54 patients were considered to be alive at the end of 1949. The 
number of births in Denmark in each of the 58 previous years was known. It was 
assumed in the study that each year tetralogy of Fallot was present in 0.4 of every 
1,000 live births. From these data the number of persons born with tetralogy of 


: ^ From the Departments of Surgery and Fallot who were alive in 1949 at ages 1 to 59 years was calculated and their length 
. Biomathematics, University of Alabama School of life estimated. | 

- . of Medicine and Medical Center, Birmingham, Published autopsy cases: Our second source of data was reported autopsy 

E uae deu erate s die ata cases of tetralogy of Fallot. Most cases included were reviewed individually in 

E ogram Fro an AMOUR their original publication to determine whether the diagnosis was in fact tetralogy 

. Heart, Lung, and Blood Institute, Bethesda, Na- of Fallot, whether the age at death was known and, as far as possible, whether 


F d tional Institutes of Health, Maryland. Manuscript the death was related to the presence of the malformation. However, some data 


received April 3, 1978, accepted May 2, 1978. 


Address for reprints: John W. Kirklin, MD, De- from reliable sources were presented as "grouped" information (for example, 
partment of Surgery, University Station, Bir- *10 cases dying between ages 1 to 10 years"), and thus the individual cases could 
mingham, Alabama 35294. not be examined. In 54 cases sufficient data were presented to indicate that the’ 
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FIGURE 1. Life expectancy of persons with tetralogy of 
Fallot, based on data from the Danish population study. 
Crosses represent data points calculated in that study. 
The solid line (with its 70 percent confidence limits en- 
closed by the dashed lines) represents parametric 
analysis of the data, which resulted in the equation (single 
hit model'9): Probability of dying = [1 — exp(ut/m)]™, 
where exp is e, the base of the natural logarithms; u = 
exp(8) where 8 = —6.2 + 0.25; t is age on January 1, 
1950 in months and m = 0.36 + 0.056. Significance "Uo 
levels of coefficients, Pg «0.0001 and Pm «0.0001; o 
correlation between coefficients, r — 0.976. The results 

are shown to age 60 years. N = number of patients. 


PROPORTION SURVIVING TO STATED AGE 


diagnosis was tetralogy of Fallot with pulmonary atresia.2-8 
In 195 cases sufficient data were found to indicate that the 
diagnosis was tetralogy of Fallot without pulmonary atre- 
sia.2-4,6.9-13 These cases, in addition to 317 cases in which the 
presence or absence of pulmonary atresia could not be de- 
termined, constitute the total group of 566 autopsy cases.?-17* 
The autopsy cases were analyzed to determine survival or life 
expectancy data, that is, the cumulative number of cases in 
which the age at death was greater than a series of ages, t. 
Survival curves of cases with pulmonary stenosis 
versus atresia: The survival data in cases without pulmonary 
atresia appeared more favorable in the early years of life than 


* The specific case numbers in each publication and the original 
source for each case in review series are available from the au- 
thors. 
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FIGURE 2. Life expectancy of persons with tetralogy of 
Fallot, based on autopsy study.2-'” The jagged line (with 
its 70 percent confidence limits enclosed by the dashed 
lines) represents the data from the nonparametric actu- 
arial analysis. The smooth line (with its 70 percent con- 
fidence limits) represents the parametric analysis, which 
yielded the same equation as in Figure 1, with the coef- 
ficients 6 = —5.87 + 0.081 and m = 0.425 + 0.0178. 
Significance level of the coefficients, Pg <0.0001 and 
Pm <0.0001; correlation between coefficients: r = 0.500. 
` N = number of patients. 


0.3 


0.2 


PROPORTION SURVIVING TO STATED AGE 


o 
n 


o 
o 
0.0 


September 1978 The American Journal of CARDIOLOGY Volume 42 


z — y Tee =y -—— 
- we . 
- " 


TETRALOGY OF FALLOT—BERTRANOU ET AL. 





o c o 2 o 2 
=i- & e E A 8 
AGE (YEARS) 


current clinical experience suggests. Most of the 195 cases in 
this group were reported by persons and institutions known 
to care for few if any small children. Furthermore, when the 
195 cases without and the 54 cases with pulmonary atresia are 
removed from the total group of 566 cases, the survival data 
of the remaining cases are much less favorable than the data 
from the total group. This suggests that the 195 patients re- 
moved were a particularly favored subset among those without 
pulmonary atresia. Also, if these data are correct, mathe- 
matical analysis of the combined curve indicates that 60 
percent of the patients at any age had pulmonary atresia, 
which is highly unlikely. Because these data appeared unre- 
liable, we looked for another method of determining the life 
expectancy of persons with tetralogy of Fallot but without 
pulmonary atresia. Knowing the survival data for persons with 
pulmonary atresia, assuming a 33 percent incidence rate of 
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5 0.6 E FIGURE 3. Life expectancy of persons with tetralogy of 
E Fallot, based on combined analysis of the Danish data and 
9 0.5 autopsy data. A, results to age 60 years; B, results to age 
E 10 years on an expanded time scale; C, proportion of 
S 0.4 persons at risk of dying each year (hazard function), ac- 
X cording to the age of the person. The greatest risk is in 
M 0.3 i the first year of life. The actual data points (crosses) 
X | calculated in the Danish study are shown, as is the non- 
0.2 parametric actuarial analysis (jagged line) from the au- 
topsy data. The smooth line (with its 70 percent confi- 
0.1 dence limits enclosed by the dashed lines) results from 
a combined parametric analysis that yielded the same 
0.05 = o o o o o equation as in Figure 1 with the coefficients, 8 = —6.00 
o o E g 3 9 2 +0.072andm= 0.410 + 0.0172. Significance level of 
c the coefficients, Pa «0.0001 and Pm «0.0001; correla- * 
AGE (YEARS) tion between coefficients, r — 0.809. 
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congenital pulmonary atresia among 566 autopsy cases of 
tetralogy of Fallot and knowing the survival data for the total 
group, we derived survival curves for those presumed to have 
pulmonary stenosis (PS) rather than atresia (PA) as fol- 


— — lows: | 


be i: where Sca(t) = survival curve for 566 composite autopsy (CA) 


(o 
1 tu 
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" ‘oe 


Sca(t) = Spa(t) + (1 — a)Sps(t) (1) 


cases; Spa(t) = survival curve for 54 cases of tetralogy of Fallot 


— with pulmonary atresia; Sps(t) = generated survival curve for 
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 tetralogy of Fallot with pulmonary stenosis rather than pul- 
monary atresia; and a = 0.33, the assumed incidence rate of 
. pulmonary atresia at birth among patients with tetralogy of 
. Fallot. Thus, the survival curve for the composite group is 
= assumed to consist of the sum of the two separate survival 
curves proportionate to their respective incidence rates at 
- birth. Sps(t) is derived by rearranging equation 1 algebrai- 
. cally. 


. Statistical methods: Nonparametric descriptions of the 


. autopsy series were made using the product-limit method of 


Kaplan and Meier.!5 We modified their method to take into 


= account the data from individual case reports as well as 
~ — grouped data from which individual ages at death could not 


hi ; 


` " 


Ds; os 


. be determined (Hazelrig JB, Turner ME Jr, Blackstone EH, 


in preparation). Parametric estimates of survival (applicable 


— — to both the autopsy data and the Danish data) were calculated 


k 

K: 

v » 
7E, 


4 r » 


using the family of “survival equations” described by Turner 
and Pruitt.!? The data were fitted to the “survival” equation 
using the method of maximal likelihood suggested by Gross 
and Clark” and a nonlinear optimization program developed 
by Hazelrig et al.?! The specific survival equation selected 
from the family of equations was the one that did not fit the 
data significantly worse than the “generic” equation. 

The parametric analysis yielded formulas that could be 
directly manipulated to generate the hazard function A(t), 
which is the instantaneous death rate: 


A(t) = -S'(t)/S(t) (2) 


where S’(t) is the slope (first derivative) of the survival func- 
tion S(t). The formulas were also manipulated to generate the 
survival function for tetralogy of Fallot with pulmonary ste- 
nosis rather than pulmonary atresia, as described. The con- 
fidence limits for this calculated curve were computed from 
the variance (Var) estimated by the equation: 


Var[Sca(t)] = a?Var[Spa(t)] + (1 — a)?Var[Sps(t)] (3) 


because Spa(t) and Sps(t) are independent. By algebraic 
manipulation, Var[Sps(t)] could be computed.* The hazard 
function can be converted to a percent risk per year for a 
constant hazard rate by the formula 100 X (1 — exp[-2]), 


. where exp is the base of the natural logarithms. 


Results 
The Danish study: According to the parametric 


analysis of the Danish study, 64 percent of patients born 


. with tetralogy of Fallot, including those with pulmonary 


Ens B i = : 


. atresia, are alive at age 1 year, 54 percent at 2 years, 47 


percent at 3 years and 24 percent at age 10 years (Fig. 


- 1). The hazard function (or the instantaneous risk of 


death at any given age) is highest in the first year of life, 
gradually declines until age 10 years and remains es- 
sentially constant at about a 6.4 percent risk per year 
thereafter. Related to this is continual decrease in the 


* We are indebted to Dr. Edwin Bradley of the Department of Bio- 


statistics for the development of these relations. 
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number of survivors, so that only 11 percent of persons 
born with tetralogy of Fallot are alive at age 20 years, 6 
percent at 30 years and 3 percent at 40 years. 

Composite autopsy series: Parametric analysis of 
the composite autopsy data (566 cases) indicates that 
66 percent of patients born with tetralogy of Fallot, 
including those with pulmonary atresia, are alive at age 
1 year, 56 percent at 2 years, 48 percent at 3 years and 
22 percent at age 10 years (Fig. 2). The hazard function 
is similar to that derived from the Danish study. 


Ngoc Yee ail nd 


Combined series: Combined parametric analysis of - 
the data from the Danish study and from autopsy re- — 
ports (782 cases) is permissible because the survival - 
function for the two series was not significantly different — 


(P = 0.2). The combined analysis indicates that 66 


percent of patients born with tetralogy of Fallot are alive 


at age 1 year, 56 percent at 2 years, 49 percent at 3 years 


and 24 percent at age 10 years (Fig. 3, A and B). The - 
combined hazard function remains constant after age - 


10 years (Fig. 3C). 


Tetralogy of Fallot with pulmonary atresia: The - 
life expectancy of patients with tetralogy of Fallot and _ 
pulmonary atresia (54 cases) is shorter, according to the — 


autopsy data (Fig. 4, A and B). By parametric analysis 


only 66 percent of patients are alive at age 6 months, 50 | 
percent at 1 year, 33 percent at 2 years, 25 percent at 3 . 
years and 8 percent at age 10 years. The 70 percent 3 


Ee’ 


confidence limits are wider than in the previous analyses - 
because of the smaller number of cases. The hazard - 


function is very high in the first few years of life (Fig. - 


4C). $ 


Aw 


Tetralogy of Fallot without pulmonary atresia: 2 
The data from the autopsy study for all persons with - 
tetralogy of Fallot known to be without pulmonary 


atresia (195 cases) are shown in Figure 5. The derived - 
data (see Material and Methods) for persons with te- - 


tralogy of Fallot without pulmonary atresia are shown 


àS 


in Figure 6. The differences between the curves from the 
195 cases and those from the derived data are largely in - 


the first few years of life. The derived parametric. 


analyses indicate that 75 percent of patients are alive — 
at age 1 year, 60 percent at 3 years and 30 percent at age - 


10 years. 


For completeness and ease of reference, the curves for — 


persons with tetralogy of Fallot and those known to have — 


pulmonary atresia and the derived curves for those - 


without pulmonary atresia are shown in Figure 7. In 


general, persons with pulmonary atresia have the - 


SS sat he 


shortest life, and those with pulmonary stenosis have 


a better prognosis. The confidence limits of all survival 


curves overlap in the older age group, suggesting that — 


there may be no significant differences among older — 


patients in the three groups. In addition, the confidence 


y 


A 


limits of all curves overlap in the first 3 months of i 


life. 


Discussion 
Evaluation of methods and their possible limi- 


tations: The Danish study assumed that 0.4 instances 
of the tetralogy of Fallot occurred in each 1,000 live 


births, and other studies??-?5 indicate that this as- 


sumption is reasonable. The similarity of the results in _ 
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9 Q 9 
eo o o 
B AGE (YEARS) 
1.0 
0.9 N=54 
^ ON 
LJ 
E 
S 0.7 
= 
$ 0.6 
F 
: 0.5 
o9 FIGURE 4. Life expectancy of persons with tetralogy of 
c Fallot and known pulmonary atresia, based on autopsy 
N 0-5 data. The portrayal in A, B and C is as in Figure 3. The 
s smooth line represents the equation (positive generic 
0.2 model'!9): Probability of dying = [1 — (1 + ut/mv)-"]"^, 
where (as in Fig. 2) 8 = —3.3 + 0.85, t is age in months, 
p m = 0.7 + 0.22 and v = 1.4 + 0.80. Significance level 
of coefficients: Ps = 0.0003, Pm = 0.0001 and P, = 0.09 
M S o o o o o o (chi square test for single hit model being different from 
o o & g 9 2 2 this generic model, P — 0.006); correlation between 
coefficients, ra, = —0.938, rg, = — 0.697 and fm» = 
C AGE (YEARS) 0.558. N = number of patients. 





462 September 1978 The American Journal of CARDIOLOGY Volume 42 


FIGURE 5. Life expectancy of persons with tetralogy of 
Fallot and known pulmonary stenosis (not atresia), based 
on autopsy data from 195 patients. The smooth line 
represents the equation: Probability of dying = 1 — 
exp(—4t), where exp is e, the base of the natural loga- 
rithms; u = exp(8), where 8 = —4.94 + 0.082, and t is 
age in months. Significance level of coefficient, Pg 
«0.0001. The jagged line represents the nonparametric 
actuarial analysis. N = number of patients. 
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the Danish study and in the composite autopsy study 
indicates that the cases in the latter are probably an 
adequate sample of persons born with tetralogy of 
Fallot. 

The assumption that 33 percent of persons with te- 
tralogy of Fallot have congenital pulmonary atresia is 
based on four reports indicating that this proportion is 
27, 42, 39 and 35 percent, respectively.142226.27 This 
estimate is consistent with the recent experience of 
Arciniegas, who found 26 patients (22 percent) with 
tetralogy of Fallot and pulmonary atresia among the 118 
patients with tetralogy on whom he operated in infancy 
(personal communication). 

The nonparametric actuarial method used in the 
analyses is standard for handling this type of data, ex- 


PROPORTION SURVIVING TO STATED AGE 


o 
. FIGURE 6. Life expectancy of persons with tetralogy of o 
Fallot without pulmonary atresia, derived as described 
in Methods. 
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AGE (YEARS) 


cept for the important modification for grouped infor- 
mation. The method has several limitations. No inter- 
polation scheme between data points at individual 
events or projection of confidence limits is theoretically 
admissible even when the actual data seem to follow 
a simple, smoothly decreasing pattern; in addition, 
confidence limits should widen as patients are with- 
drawn because of unknown status. A major weakness 
exists in handling a large number of patients “lost to 
follow-up” or “withdrawn alive,” as in the Danish 
cross-sectional study for which no “actuarial” estimate 
is possible, in part because no events (deaths) were re- 
corded. The theoretical binomial limits to any actuarial 
method in such cases are usually extraordinarily broad 
and may render any nonparametric method of little 
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FIGURE 7. Combination of parametric equations from 
Figures 3, 4 and 6. The presentations in A, B and C are 


as in Figure 3. 
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value. Serial correlation of the actuarial estimates may 
produce errors throughout the calculated life table; the 
grouped data were especially troublesome in this regard, 
generating estimates that were at times outside the 
theoretical binomial limits. 

The parametric technique overcomes these disad- 
vantages by generating continuous estimates at all ages 


+ (as expected of any regression equation of low order); 


by treating “unknown” data as if they followed the ex- 
pected survivorship curve for the known data, thereby 
. allowing us to combine longitudinal information (au- 
topsy series) with cross-sectional information (Danish 
series), which, as far as we know, has not previously been 
possible; and by treating individual events indepen- 
dently. In addition, the advantages of expressing a 
survivorship function as a simple formula have been 

. recognized for many years, particularly in reports on 
—— industrial reliability.2925 With this method, the hazard 
function is easily calculated and provides insight into 
the changing risk among survivors. In addition, re- 


= — gression coefficients of different series can be compared 


so that statistical differences are easily determined, and 
the formulas can be manipulated to generate such useful 
functions as "surgical salvage," given the data on natural 
history and surgical risk. The scheme used in para- 
metric analysis is unique in that a particular formula for 
the survivorship function is not assumed at the outset, 
but instead a flexible, high-order “generic” model is first 
fitted and then simplified, if possible, to one of the many 
formulas in the family of equations derived from the 
generic model. 

Definition and material: We intended to include all 
persons with a morphologic diagnosis of tetralogy of 
Fallot—that is, all those with atrioventricular (A-V) 
concordant connection and a large ventricular septal 
defect in the left ventricular outflow tract immediately 
beneath the aortic valve, biventricular origin of the 
aorta, origin of the pulmonary artery from right ven- 
tricle and pulmonary stenosis that was at least partly 
infundibular and severe enough to produce marked 
right ventricular hypertrophy. Pulmonary atresia, when 
present, was pulmonary truncal, valvular, infundibular 
or valvular and infundibular, and the remnant of the 
pulmonary artery was above the right ventricle. The 
ventricular septal defect was subpulmonary in some 
cases. No case with complete A-V canal was included. 
We attempted to exclude cases with absent left and 
right pulmonary arteries, so-called truncus arteriosus 
type IV.29 

We presume that the survival curves we derived for 
. persons who have pulmonary atresia are applicable 

- prognostically to persons who have atresia in the first 
' few months of life, and that those derived for persons 
with pulmonary stenosis rather than atresia are appli- 
cable to persons who have tetralogy of Fallot with pul- 
monary stenosis in the first few months of life, whether 
or not they are cyanotic at that time or manifest pul- 
monary atresia later in life. The clinician must refine the 
prognostic prediction for an individual patient from 
these curves on the basis of severity of the patient's 
* cyanosis and thus of the pulmonary stenosis. 
We included in the autopsy group only patients be- 
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lieved to have died of causes related to their malfor- 
mation. If the patient was known to have died of an 
unrelated cause such as tuberculosis or typhoid fever, 
the cause was excluded so that the survival data would 
be applicable at the present time. 

Evaluation of role of severity of pulmonary ste- 
nosis in survival: The life expectancy of the group of 
patients with tetralogy of Fallot from the autopsy study 
is strikingly similar to that derived from the Danish 
study, in which a completely different study technique 
was used. This finding strongly suggests that both 
studies correctly predict the life expectancy of persons 
with tetralogy. 

The data support the generally accepted concept that 


oW "pner m TNT Ray 


the natural history of persons born with tetralogy of 


Fallot is determined primarily by the severity of the 
pulmonary stenosis, as demonstrated by the tendency 


of persons with pulmonary atresia to die at a younger - 
age than those without pulmonary atresia or the group — 


as a whole. The infants with pulmonary atresia who die 
in the early months of life probably lack large discrete 
“bronchial” collateral arteries and die as a result of 
gradual spontaneous closure of the patent ductus ar- 
teriosus, which Bharati et al.°° found in 81 percent of 
cases. Large “bronchial arteries" or, less commonly, 
large discrete paramediastinal vessels or coronary- 
pulmonary artery fistulas?! are present in many of the 


patients with tetralogy of Fallot and congenital pul- — 


monary atresia (38 of 80 surgical cases in the experience 
of Alfieri et a1.?2) and do not close spontaneously. Al- 
though these vessels often allow the infant to survive the 
early months of life, the collateral pulmonary flow they 
provide is frequently insufficient to prevent arterial 
desaturation and cyanosis. Thus, many such patients 


re ae “at Y sm "bu, 


die in childhood. Those who reach the third decade of 


life have a large collateral pulmonary blood flow and 
probably as a result are at that age at less risk of dying 


at any given time than persons with classic tetralogy of — 


Fallot without pulmonary atresia. 


In the subset of persons with tetralogy of Fallot and — 


pulmonary stenosis, the pulmonary stenosis usually 
becomes more severe with time and results in increasing 


arterial desaturation, cyanosis, polycythemia and, — 


ultimately death, usually from hypoxia, pulmonary 
thromboses or cerebral thromboses or abscesses. In 
patients surviving into the fourth and fifth decades of 
life, congestive heart failure may cause death. 
Therapeutic implications: Because about one half 


of surgically untreated patients with tetralogy of Fallot — 


die in the first 2 years of life, surgical programs for 
persons with this malformation must include techniques 
for surgical intervention in the early months and years 
of life. Also, because the hazard function does not de- 
crease in the third to fifth decades of life, the person 
with tetralogy in this age group is still subject to the 
risks of the malformation. 

Institutions reporting that less than half of their pa- 
tients treated surgically for tetralogy of Fallot are 
younger than 2 years of age may be delaying surgical 


intervention unwisely or may have a patient population — 


that represents less than the full spectrum of cases of 
tetralogy of Fallot. 
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Interrupted aortic arch is a rare congenital malformation of the great ar- 


teries with loss of continuity between the proximal portion of the aortic — 


arch and the descending aorta, which is usually supplied by a patent 
ductus arteriosus. The hearts of 12 patients with interrupted aortic arch 
listed in the autopsy files of The Johns Hopkins Hospital were evaluated. 
Four categories were identified. Seven hearts with normal outflow tract 
relations had significant pulmonary arterial override of a ventricular septal 
defect and thus received part of left ventricular and all of right ventricular 


ejection flow; flow into the aorta was correspondingly reduced. Two hearts _— 
had mitral valve obstruction with decreased left heart flow. Two hearts 


had double inlet left ventricle and transposed great arteries with the aorta 
originating from a small anterior conal chamber. One heart had a truncus 
malformation with a disproportionately large flow entering the pulmonary 
arterial division. In each of these hearts, the pattern of the outflow tracts 
and associated malformations suggested that there was a preferential 
flow of blood into the sixth arches and correspondingly a reduced flow 
into the fourth arches at the time of normal disappearance of components 
of the embryonic aortic arch system. Thus, interrupted aortic arch may 
simply be disappearance of the normally persisting connection between 
the left fourth and sixth arches as a result of flow imbalance in early 
cardiogenesis. 


Interrupted aortic arch is a rare congenital malformation of the great 
arteries that involves loss of continuity between the proximal portion 
of the aorta and its descending portion. The descending aorta is then 
supplied by a patent ductus arteriosus or, in rare cases, entirely from 
collateral circulation. 'The pattern of origin of the aortic arch vessels 
varies, but usually the interruption occurs either distal to the left sub- 
clavian artery or between the left carotid and left subclavian arteries.! 
Previous studies have suggested that embryonic hemodynamics may 
account for both normal? and abnormal?-8 cardiogenesis. In this study 
the hearts of patients with interrupted aortic arch subjected to autopsy 
at The Johns Hopkins Hospital were evaluated for associated malfor- 
mations. The results suggest that interrupted aortic arch is associated 
with malformations of the heart and great arteries that would produce 
a reduced blood flow to the embryonic fourth aortic arches. 


Observations 


Case material: Patients listed in the autopsy files of The Johns 
Hopkins Hospital were included in this study if (1) the heart was avail- 
able for review; (2) no intracardiac surgical procedure had been per- 


formed; and (3) interrupted aortic arch was present. The 12 patients in |. 


the series are listed in Table I. They ranged in age from 2 days to 7 weeks; - 


7 were female (clinical data were not available for one patient). 'The 12 
hearts could be classified into four groups: 7 with normally formed 
atrioventricular (A-V) valves and a significant pulmonary arterial ov- 


September 1978 The American Journal of CARDIOLOGY Volume 42 467 


dd ^x 


A Ab? E ` "20d n mr TiS | ra CONT a 
AT. hi ver = E - M | $. E r c MY = al NEC CS b efe $‘ * 
T, ; D 





"TY LT 


* 1 
e X hv. AM T si YN * 


pr à 
| INTERRUPTED “AORTIC ARCH_MOORE AND HUTCHINS | 























TABLE | 
Associated Malformations in 12 arenes Cases of Interrupted Aortic Arch 
Arch 
Over- Vessels 
A uS ride From 
Race Inter- Semi- of PA Descend- 
Are Age and Venous Atrial A-V lunar Over Ductus ing 
| (days) ^ Sex Return. Septum Valves IVS Valves VSD  Arteriosus Aorta 
| DA Normal A-V Valves and Pulmonary Arterial Override 
1 3 BF 1 eis PFO VSD VE 7096 PDA . LSC 
2 10 WF Wiis PFO VSD i». 5096 PDA None 
3 ? ? m. PFO VSD BAV 5096 PDA ? 
A 2 BF KNA PFO VSD BAV 50% PDA None 
5 4 WM T ors PFO VSD BAV 50% PDA LSC 
6 3 WM yet PFO VSD BAV 30% PDA LSC 
7 3 BF PLSVC PPFO VSD BAV 30% PDA RSC, 
LSC 
H Mitral Valve Obstruction and Normally Related Great Vessels 
8 49 WM Sf PFO MS VSD BAV 096 PDA LSC 
9 45 BF PLSVC PFO MA VSD BAV, 0 96 PDA RSC, — 
BPV LSC 
. Double Inlet Left Ventricle and Transposition of Great Vessels 
EC 10 7 WM bi PPFO DILV VSD TX qo PDA None 
naan 22 BF Pss PFO DILV VSD TX d PDA None 
Normal A-V Valves and Truncus Arteriosus : 
12- 22 WF RT os PFO VSD Truncus 3 PDA ipe 


: A-V = atrioventricular; BAV = bicuspid aortic valve; BPV = bicuspid pulmonic valve; DILV = double inlet left ventricle; IVS = interventricular 
septum; LSC = left subclavian artery; MA = mitral atresia; MS = mitral stenosis; PDA = patent ductus arteriosus; PFO = patent foramen ovale; 
- PLSVC = persistent left superior vena cava; PPFO = probe patent foramen ovale; RSC = right subclavian artery; TX = transposition; VSD = . 


= ventricular septal defect. 


— erride over the ventricular septal defect, 2 with signifi- 
= cant mitral valve obstruction but normally formed 
— outflow tracts, 2 with double inlet left ventricle and 


^ transposition of the great arteries and 1 with truncus 
arteriosus malformation. All 12 had some communica- 


tion across the interatrial septum (2 with a flap-guarded, 
and 10 with a nonflap-guarded patent foramen ovale); 
= all had a communication across the interventricular 
- septum, and all had a patent ductus arteriosus feeding 
— the descending aorta. In all cases the ascending aorta 


; -not only was smaller than the corresponding pulmonary 
- . artery, but also was smaller in caliber than would be 


E. expected in a patient of that size. 


. Pulmonary override: In this group (Cases 1 to 7) the 


— A-W valves were normal and the great arteries were 


s .. normally oriented. However, each had a subpulmonary 


. ventricular septal defect (six in the membranous posi- 
- tion, one intramuscular), with 30 to 70 percent override 
~ of the pulmonary artery over the left ventricle (Fig. 1). 

M Five had a bicuspid aortic valve, and in each the missing 


: . commissure was the one adjacent to the pulmonary 
- valve (juxtapulmonary position). In Cases 1 through 5, 


_ the missing commissure was represented by a residual 
_ raphe representing the remnant of the original separa- 


: _ tion of the outflow tract cushions. In Cases 6 and 7, no 


~ raphe was observed. _ 


- Mitral valve dherecetion: Two hearts (Cases 8 and 
9) had significant obstruction of the mitral valve (mitral 


stenosis and mitral atresia, respectively) and normal 
orientation of the great arteries. Both had a dispro- 
portionately small left ventricle (“left heart syndrome"). 
Both ventricular septal defects were in the membranous — 
position, but the pulmonary artery did not override the 
defect. In both hearts the aortic valve was bicuspid with 
juxtapulmonary raphes, and in Case 8, there was also 
a bicuspid pulmonary valve with a juxtaaortic raphe. 
Double inlet left ventricle and transposition: Two 
hearts manifested double inlet left ventricle, transpo- 
sition of the great arteries and an interventricular 
communication. The atrioventricular (A-V) and semi- 
lunar valves were normally formed. It was not mean- . 
ingful to assess the pulmonary arterial override in these 
hearts because, as is typical for this paired defect, the 
pulmonary artery arose from an enlarged left ventricle 
whereas the aorta arose from a rudimentary anterior 
conal chamber (Fig. 2). | 
Truncus malformation: A single heart (Case 12) had 
a truncus malformation, with a normally formed quad- 
ricuspid valve and a subvalve interventricular com- 
munication. The A-V valves were normally formed. The 
subsequent pattern of outflow tract separation past the 
common truncal vessel suggested a relatively increased 
flow through the pulmonary portion. The ascending 
aorta was less than half the diameter of the main pul- 
monary artery and gave rise only to the carotid arteries. 
The much larger main pulmonary artery gave rise to 
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IMETRIC 1 


FIGURE 1. Case 1. Base of the heart as viewed from the apical aspect 
(A) and from the atrial aspect (B). Approximately 70 percent of the 
pulmonary artery (PA) overrides the ventricular septal defect (arrow), 
and thus receives flow from the left ventricle (LV). There is a consequent 
disproportion of the caliber of the aorta (Ao) and pulmonary artery. The 
atrioventricular and semilunar valves are normal. IVS = interventricular 
septum; LA = left atrium; RA = right atrium; RV = right ventricle. 


both right and left pulmonary arteries and connected 
by way of a patent ductus arteriosus to the descending 
aorta, from which both subclavian arteries arose. 


Discussion 


In this study, the hearts of 12 patients with inter- 
rupted aortic arch were examined for associated mal- 
formations of the heart and great arteries. This case 
series joins about 200 other cases now reported. With 
rare exceptions!’ the defect is found in association with 
other major cardiovascular abnormalities.? Typically, 
there is an interventricular communication and patency 
of the ductus arteriosus, through which flow passes into 
the descending aorta. Aortic valve abnormalities and 
left heart syndrome are also commonly observed. Our 
case series includes as well two less commonly observed 
associations: transposition of the great arteries? and 
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FIGURE 2. Case 11. Base of the heart depicted and labeled as in Figure 
1. There is double inlet left ventricle (LV) with the two atrioventricular 
valves entering the posteriorly positioned left ventricle. The great 
vessels are transposed, with the aorta (Ao) arising from the anteriorly 
positioned conal chamber of the right ventricle (RV). The interventricular 
septum (IVS) has approximately a 90? rotation from its usual position, 
and blood entering the right ventricle must cross the interventricular 
communication (arrow). The semilunar valves are normal and the rel- 
ative size of the great vessels reflects the proportions of flow through 
them. Abbreviations as in Figure 1. ; 


truncus malformation.!? Can we interpret interrupted 
aortic arch as a secondary feature in the setting in which 
these other lesions develop? 

Development of semilunar valves and great ar- 
teries to differential ventricular flow: Previous 
studies have related normal development of the semi- 
lunar valves and great arteries to the differential flow 
of blood from the two ventricular chambers.?^ These 
chambers, which begin to separate at stage 14, may be 
responsible for a major revision of the heart, through 
formation of separated ejection streams. The direction 
of outflow from the right ventricle produces early se- 
lection of the left sixth arterial arch, whereas the left 
ventricular ejection stream flows equally into both 
fourth arterial arches (Fig. 3). The mesenchyme 


downstream from the cardiac tube, which invests these - 


J 
k* 


preferred arterial channels of flow, represents the so- f 


called aortic-pulmonary septum.!! Rather than a dis- 
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B. Truncus 





FIGURE 3. Diagrammatic representation of the outflow tract relations in the narmal stage 14 embryo (A) and as postulated for truncus malformation 
(B) and transposition of the great vessels (C). In the normal embryo at this stage, the left sixth arch has already been selected, whereas the fourth 


arches remain symmetric. LV = left ventricle; RV = right ventricle. 


tinct structure which actively divides the aortic sac into 
- two great arteries, this “septum” appears to be mesen- 
chyme filling in the space between two paths of blood 
flow. The left fourth arch then develops at the expense 
of the right because of decreased resistance to flow on 
the left, resulting from its connection through the dorsal 
aorta to the left sixth arch. 

In transposition of the great arteries, it has been 
postulated that the right ventricular outflow stream is 
directed more anteriorly and superiorly than normal 
and thus enters and *selects" the left fourth arch as its 
preferred channel of flow (Fig. 3). The posterior outflow 





Mitral Obstruction 


tract of the left ventricle then enters the left sixth arch 
and preferentially flows to the left because the left 
dorsal aorta has been enlarged by the right ventricular 
outflow.* The key to both this mechanism and that for 
normal development of the great arteries is the obser- 
vation from normal embryogenesis that asymmetry of 
the right ventricular outflow stream precedes asym- 
metry of the left ventricular outflow stream by two 
stages (14 and 16, respectively). Thus only one compo- 
nent of maldirected flow is required to explain the full 
set of outflow connections in transposition. In truncus 
arteriosus malformation, the left and right ventricular 





DILV-Tx Truncus 


FIGURE 4. Diagrammatic representation of the atrioventricular valve and outflow tract relations in the normal heart, and in the four groups with 
interruption of the aortic arch. DILV-Tx = double inlet left ventricle with transposition of the great vessels; LV = left ventricle; Pulm = pulmonary; 


RV = right ventricle. 
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outflow streams may be directed so that the streams 
intersect at the level of the developing semilunar valves, 
ee in a single outflow entering the left fourth 
arc 

Hemodynamic basis of interrupted aortic arch: 
Because normal development of the embryo involves 
the disappearance of aortic arch vessels on the basis of 


. differential hemodynamics, it has been suggested that 


interrupted aortic arch may have a hemodynamic basis 
as well.? Several of our findings may have particular 
significance with regard to such pathologic hemody- 
namics. First is the presence of some form of interven- 
tricular communication in all 12 hearts. In the single 
heart with truncus malformation and the two with 
double inlet left ventricle, this was the obligate inter- 
ventricular communication associated with these de- 
fects. In the two groups with normally related great 
arteries, either the left ventricle emptied a reduced 
proportion of its stroke volume into the aorta because 
of a significant pulmonary arterial override over the 
ventricular septal defect, or there was no pulmonary 
arterial override but total left ventricular stroke volume 
was reduced because of mitral valve obstruction (Fig. 
4). Likewise, in the two hearts with double inlet left 
ventricle and transposition of the great arteries, the 
rudimentary right ventricle ejected a reduced flow into 
the aorta because both A-V valves emptied directly into 
the left ventricle. Finally, if truncus malformation is 


- considered an incomplete separation of the proximal left 


and right ventricular ejection streams,!? again the single 
heart in our series with this pattern showed relatively 
decreased flow into the aortic parts of the truncus. The 
interventricular septum normally closes in stage 18, but 
its patency may persist when a significant flow across 
the septum is maintained. The four structural patterns 
in our series are all consistent with blood flow across the 
interventricular septum and preferential flow into the 
left sixth aortic arch. 

The vessels of the embryonic aortic arch normally 
develop an elastic lamina at approximately stage 17. 
After this time, it is unlikely that segments of these 
vessels can simply drop out entirely, as is the case in 
interrupted aortic arch, although the relative caliber of 
these vessels may be markedly altered by differential 
flow patterns.1!? This suggests that ventricular outflow 
already has a well established pattern of decreased flow 
into the left fourth aortic arch, leading to interruption 
of the aortic arch before stage 17. The exact point of 
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interruption depends on variations in this flow. The 
rare cases, noted clinically, without a ventricular septal 
defect or patent ductus arteriosus!’ are not inconsistent 
with this interpretation. The early establishment of the 
flow pattern in the arch vessels could permit subsequent 
normal intracardiac development. Acquisition of col- 
lateral channels to fill the descending aorta would per- 
mit closure of the ductus as occurs in coarctation of the 
aorta. Association of aorticopulmonary window, double 


outlet right ventricle or corrected transposition of the- 


great arteries with interrupted aortic arch!* would also 


not be inconsistent with the imbalanced flow patho- — 


genesis suggested for this anomaly. 
Aortic valve abnormalities in interrupted aortic 


arch: An important feature of our series is that every — 


abnormally formed aortic valve (Cases 3 through 9) had 
its deformed (raphe present) or absent (raphe absent) 
commissure in the juxtapulmonary position. Likewise, 
the single heart with both a bicuspid aortic valve and 


a bicuspid pulmonary valve had both a juxtapulmonary — 


and a juxtaaortic raphe, respectively. Normal semilunar 
valves develop during stages 15 through 17 at the 
downstream end of the embryonic cardiac tube by re- 
modeling of the endocardial cushion material.? Two 
valves, each with three commissures, form by subdivi- 
sion of the two larger of the four endocardial cushions. 
Thus there is consistent occurrence of the valve ab- 
normalities at the site of separation between the two 
larger cushions, an obligate commissure. 

Maintained patency of interventricular septum: 
The endocardial cushion material in the outflow tract 
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initially forms normally. With the preferential flow into 
the sixth arch the pulmonary component of the subdi- . 


vision of the outflow tract at the semilunar valve level 
is probably larger than the aortic. In these cases the 
absent commissure or raphe in the smaller aortic valve 


was always found in the juxtapulmonary position, a — 


circumstance that can be explained by an aortic-ward 


displacement of the mesenchymal septum that forms | 


around the outflow streams distal to the cardiac tube 
and that divides the endocardial cushions. This same 
preferential flow pattern out the sixth aortic arch causes 
a crossover between the left and right ventricles and 
thus may maintain the patency of the interventricular 
septum in stage 18. Patent foramen ovale and patent 
ductus arteriosus, normally present in the newborn, 


persist in most patients because of left to right ven- a 


tricular shunts secondary to aortic obstruction. 
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System 


Instrumentation Laboratory, the leader in blood gas and flame 
photometry, has met the challenge of improving fluid therapy manage- 
ment. The IL186 measures colloid osmotic pressure (COP) 


accurately, quickly and easily. 


The IL186 provides reliable 

COP data to help you: 

e prescribe appropriate fluid 
therapy (crystalloid vs. 
colloid) 

e determine extent of cardio- 
pulmonary failure 

e quantitate risk of pulmonary 
edema 

e predict survival potential 


The 1L186 features stat capability to 
make it an ever-ready guide for fluid 
therapy prescription. COP determina- 
tions in mmHg are displayed on a digital 
readout in less than two minutes. 
Samples of only 300l are required. 


Available as a convenient option is 
the /L702 Recorder. It simplifies record- 
keeping and enhances your quality 
control program by alerting the oper- 
ator to any interferences and clearly 
showing the equilibrium point. Related 
products to give you a fuller picture of 
cardiopulmonary condition are the 
IL701 Cardiac Output System (the most 
accurate C.O. System available) and a 
variety of flow-directed thermal dilution 
catheters. 

For a demonstration of the IL186 or 
the IL701, call your local IL Repre- 
sentative or call IL (U.S.) toll-free: 
800-225-1481. For technical papers or 
literature, write: IL, 113 Hartwell Ave., 
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Clinical Comments: Normal sinus rhythm 
Rx: Continue on Quinaglute 1 tab q12n 


Date: 10/19/68 

Clinical Comments: Multiple pre- 
mature ventricular contractions 
Rx: Quinaglute 1 tab q12h 





For dine and a half years 
(quinidine gluconate) 
has kept the pace for Mary L. 


*Based on actual case history ( photos posed by professional model). 








For Mary L. and hundreds of thousands of cardiac 
patients, QUINAGLUTE® Dura-Tabs® have helped 
maintain the pace of normal sinus rhythm over 
long-term therapy. In the 19 years since its intro- 
duction, QUINAGLUTE has amassed an impressive 
clinical record of therapeutic efficacy, safety and 
patient acceptance. 





Classic antiarrhythmic therapy — 

Time-proven for efficacy 

.in the management of PAC, PVC and atrial 
fibrillation 


Time-proven for reliability 

.in maintaining quinidine plasma levels for 
8 to 12 hours 

.in providing sustained control without peaks and 
valleys in plasma levels 


Time-proven for safety 
.low incidence of G.I. irritation 
.19 years of patient and physician acceptance 


Time-proven for patient compliance 

.convenient dosage schedule that's easy to 
remember: | to 2 Dura-Tabs® every 8 or 12 hours 

.h.s. dose helps avoid early morning reversion 
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quinidine gluconate 
keeps the pace for patients 
with cardiac arrhythmias 
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Contraindications: Aberrant impulses and abnormal rhythms 
due to escape mechanisms should not be treated with quini- 
dine. 

Partial A-V or complete heart block, or intraventricular con- 
duction defects, especially those exhibiting a marked grade of 
QRS widening. Renal disease resulting in significant azotemia, 
or those developing cardiotoxic effects such as conduction de- 
fects, ventricular premature beats, ventricular tachycardia or 
flutter while on the drug. 

Marked cardiac enlargement, particularly with congestive 
failure, poor renal function, and especially renal tubular aci- 
dosis. Idiosyncrasy or hypersensitivity to quinidine. 


Warnings: In the treatment of atrial flutter, reversion to sinus 
rhythm may be preceded by a progressive reduction in the de- 
gree of A-V block to a 1:1 ratio resulting in an extremely rapid 
ventricular rate. 


Precautions: The precautions to be observed include all those 
applicable to quinidine. A preliminary test dose of a single tablet 
of quinidine sulfate should be administered to determine if the 
patient has an idiosyncrasy to quinidine. Hypersensitivity to 
quinidine, although rare, should constantly be considered, 
especially during the first weeks of therapy. 

Quinidine in large doses may reduce the contractile force of 
the heart, therefore, extreme caution should be exercised iħ 
using the drug in patients with severe heart disease, hypoten- 
sion or digitalis intoxication. 

It should be administered cautiously, if at all, to senile pa- 
tients. Hospitalization for close clinical observations, electro- 
cardiographic monitoring, and possibly plasma quinidine 
levels, is indicated when large doses are used, or with patients 
who present an increased risk. 


Adverse reactions: Cinchonism, tinnitus, decreased auditory 
acuity, vertigo, headache, blurred vision, color perception dis- 
turbances, photophobia, diplopia, night blindness. scotomata, 
reduced visual fields, mydriasis, hypotension, respiratory dis- 
tress, and gastrointestinal disturbances. 101-71 
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Start with a MEDDARS 


cardiac cath system that 
gives you the data you need 


at a price you can afford. 


Start with the basic MEDDARS and you begin with 
six channels of diagnostic data on a bright nonfade 
display. For easier analysis, you can freeze the 
display, print the contents as page-size records, or 
print all the data as a continuous strip chart. And 
this system can be expanded on site to meet new 
requirements. 





A Mierocomputer makes your MEDDARS even 
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more productive. Now various setup and calibra a 
tion functions are automatically performed as 
needed. Or you can initiate them by keystroke 
command if your prefer. The microcomputer also 
simplifies data analysis and lets you add alpha- 
numeric notationson the displayed records. 
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Include a flexible disc unit and MEDDARS becomes an economical alternative to a big 
computerized cath system. Now, by simply inserting a preprogrammed disc, you can quickly 
calculate heart rate, cardiac output, pressure and other hemodynamic functions and immedi- 
ately generate a report from selected data. You can even program your own cath lab protocols. 
To get complete details on MEDDARS, write or call: Ed Rosenthal, Honeywell Physiological 
Data Systems, Box 5227, Denver, CO 80217. (303) 771-4700. 
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BRETYLOL’ (bretylium tosylate) is indicated in the treat- 
ment of life-threatening ventricular arrhythmias, princi- 
pally ventricular fibrillation and ventricular tachycardia, 
that have failed to respond to first-line therapy. 


At present, Bretylol should not be considered ; a first- 
line antiarrhythmic agent. Use of Bretylol should be 
limited to facilities where equipment for constant 
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BRETYLOL: in ventricular fibrillation BRETYLOL: contraindications/adverse reactions 


In reported clinical situations, BRETYLOL® (brety- There are no contraindications for BRETYLOL in 
ium tosylate) was effective in conjunction with the treatment of ventricular fibrillation or life- 
electrical cardioversion, even in patients refractory threatening refractory ventricular arrhythmias. 

to other antiarrhythmic therapies. BRETYLOL The principal adverse reaction is hypotension, 
raised the ventricular fibrillation threshold in usually postural. This is due to reduction of periph- 
animal studies. Suppression of ventricular fibrilla- eral vascular sympathetic tone, not to depression 
tion usually occurs within minutes following intra- of myocardial function. E 
venous administration, the effect generally lasting Due to the initial release of norepinephrine from 
6 to 8 hours. the adrenergic postganglionic terminals, there may 
BRETYLOL: in ventricular tachycardia be initial transient increases in blood pressure, 


Sah i na heart rate and/or PVC's. These generally return 
In clinical studies. BRETYLOL was effective in the promptly to preadministration levels. 


management of ventricular tachycardia and other Nausea and vomiting can usually be obviated by 
ventricular ectopic rhythms, even those recurrent tne slow intravenous administration of a dilute solu- 
and refractory to existing antiarrhythmic therapies. tion of BRETYLOL. 

Clinical benefits can usually be observed 20 min- ^ Forafull description of adverse reactions, please 
utes or more following parenteral administration refer to the complete prescribing information on 
with duration of action 6 to 8 hours. the last page of this advertisement. 


BRETYLOL: effects on cardiac function 


Unlike other antiarrhythmic drugs, BRETYLOL has 
demonstrated (in animal studies) a positive 
inotropic effect on the myocardium and did not 
significantly decrease A-V conductivity. In man, a 

BRETYLOL generally did not depress myocardial 

function and maintained cardiac output. These 

effects may be due to release of norepinephrine 

from nerve terminals, potentiation of the effects of [AN ARNAR-STONE LABORATORIES, INC. 
endogenous catecholamines and/or a direct action cS 


: McGaw Park, Illinois 60085 
on the myocardium. 


A Subsidiary of American Hospital Supply Corporation 













































TTT sili LILIAJ7 de etebee LLIITIIIIT LLLLLLLLLJ pannes LLJ 
sonona za FITETTHHITDDHHBLLELELLLILILILIIT sanas se 
ETE HE as asaos snes Seencezees rosas cece: see r] an 
qa sass CCC ea FEHH-HEHÁA 
a — aac seuase Prov itis tiiiisis ie tT Seecesaaces 
FERT | ? LLIIJ HT) Lidl 225 nbn e engem le Font T 22222000008 
scasuaua +4 - aana HEHRHRHHRHRHHEERERHRRRHRRHRHHHHERHH geususucecs 
d, HI TIT FT HHHHHHTH asean TELTET] HIHBARBRREHR RHENUS 
E H t tt + HHH EHE RPERED a HEHITEHECEH RH BR HG 
-3i--——- : H ans Bese ITTTTTIMEIT IIIT tii tlie irr 
+ — 34 i 4 4 2 eee mauu" LELLLLLLLLLELL - esuece seees 
Ai ttt HELET esni LH tH H LEEEELLH H {| BEBEEBER SR HEATH rn HH 
AGO Til titti ege H L-H-H-H-HÁH-H [T] IECTERHGBRLSBHRHERHHEBSRU aeu 
S ttbeoececeaseeessesssasss | seesseccscsoass HHHHHEREC HERE UUHBSEHHHESIRUBERGGEEAAE SS uS 
dioc 259 T t E +++ d H LLLELLELELELLLLLLLI ttt 1 22220822008 
its H IL TH itti | § lan sunassanaesasssseenees | geese s 
A a a Th : H ETT mE ILL d seeee | TITOULET 
HATNA So pL mm. n +++ z er as <: DN SSS SSSSS EERE ES Ht BEET ce, Vee 
HT HERREN EESNSH "d sp LLLA TATE 8 HT " wa ETITHIMTD TIN i seuagseees 
` LEErTTTIE LLLHLLLLLEH-LH- 1-444 -2-H-HH-HT-I1H-21H-2-4HH-1H- I T ! H1 - as sa" coassa) it sane as 
TTE t HH d rH HHHH SH H ; Ht EE : HH icusccasescesssseeesssses cease seees cess 
TLELLI- f f 
ees cease a t “TTT IHTIILI LT rrr TH ti HHHH ttti HHHH HHHH HHH 
TL ; TH : r] anes a TTTTTITITIIIITIT LIT iri iit ttt titi 
sucesans ILLLHALLCLLLLLL EEI TETTEI LH EIEE TITE ETET H-HHEE H sa HHHH HEt sauce seuessecesasces 
suaeeungeouen dt H I Lr I 
susees H eHPeeÉ + LITEIT TETTO EYT cone i Ene HHAHAEBHERHHRHRHRRRHRRHRRRMRHRHRRRHRHERH HG 
sssceescsenes "sesana! Hte 1 Li t piiss HEFP HEHEA 
eng tate see 2228 +++ 1 a HH . sss 220208 LLIIIJ se 20022228 LLILILIIIITTT 
cacescsas + ttt t 22 Cass ane at dE HIE HLLRRHRH HERR ARAB HIHIHILH sueen sesesses 
LLLI LÀ 3 r1 HE TTITITTIT $ HH iH HPHH 2 seen EH 1d dipped III GIUE E en eeaesases 
oneseues HH H H 135 ones Be LLLI LI enas i EH HHHH HE a EH HH Sass HHHH HHH HHH RH BH HHHH 


BRETYLOL istae 








BRETYLOL* (bretylium tosylate) Bibliography 


Clinical Studies 


1. Holder, Douglas A., Sniderman, Allan D., Fraser, D. George 
and Fallen, Ernest. Experience with bretylium tosylate by a 
hospital cardiac arrest team. Circulation. 55:541-544, 1977. 


2. Bernstein, Jerrold G. and Koch-Weser, Jan. Effectiveness of 
_ bretylium tosylate against refractory ventricular arrhythmias. 
Circulation. 45:1024-1034, 1972. 


3. Cohen, H.C., Gozo, E.G., Langendorf, R., Kaplan, B.M., Chan, 
A., Pick, A. and Glick, G. Response of resistant ventricular 
_ tachycardia to bretylium. Circulation. 47:331-340, 1973. 


4. Bacaner, Marvin B. Treatment of ventricular fibrillation and 
. other acute arrhythmias with bretylium tosylate. Am. J. Cardiol. 
21:530-543, 1968. 


5. Chatterjee, Kanu, Mandel, William J., Vyden, John K., 
Parmley, William W. and Forrester, James S. Cardiovascular 
effects of bretylium tosylate in acute myocardial infarc- 
tion. JAMA. 223:757-760, 1973. 


. 6. Terry, G., Vellani, C.W., Higgins, M.R. and Doig, A. Bretylium 
_ tosylate in treatment of refractory ventricular arrhythmias com- 
 plicating myocardial infarction. Brit. Heart J. 32:21-25, 1970. 


7. Dhurandhar, R.W., Teasdale, S.J. and Mahon, W.A. Bretylium 
tosylate in the management of refractory ventricular fibrillation. 
. Can. Med. Assoc. J. 105:161-166, 1971. 


8. Cooper, Jerome A. and Frieden, Julian. Appraisal and re- 
appraisal of cardiac therapy: bretylium tosylate. Am. Heart J. 
82:703-706, 1971. 


9. Sanna, Gianpietro and Arcidiacono, Raffaele. Chemical ven- 
tricular defibrillation of the human heart with bretylium tosylate. 
Am. J. Cardiol. 32:982-987, 1973. 


pre n n n som rn sta a m qe o pa pnm men em cn qo d — —— a HA GO! mem mme mcm mcm mc mcm <n G c — n — ^ — oae 7 


Pharmacology Studies 3 

10. Bigger, J.T. and Jaffe, C.C. The effect of bretylium tosylate 
on the electrophysiologic properties of ventricular muscle and 
Purkinje fibers. Am. J. Cardiol. 27:82-92, 1971. 


11. Markis, J.E. and Koch-Weser, J. Characteristics and mech- 
anism of inotropic and chronotropic actions of bretylium tosy- 
late. J. Pharmacol. Exp. Ther. 178:94-102, 1971. 


12. Wit, A.L., Steiner, C. and Damato, A.N. Electrophysiologic 
effects of bretylium tosylate on single fibers of the canine spe- 
cialized conducting system and ventricle. J. Pharmacol. Exp. 
Ther. 173:344-356, 1970. 


13. Bacaner, M. Quantitative comparison of bretylium with other 
antifibrillatory drugs. Am. J. Cardiol. 21:504-512, 1968. 


14. Bacaner, M.B. and Schrienmachers, D. Bretylium tosylate 
for suppression of ventricular fibrillation after experimental 
myocardial infarction. Nature. 220:494-496, 1968. 


15. Boura, A.L.A. and Green, A.F. The actions of bretylium: 
adrenergic neuron blocking and other effects. Br. J. Pharmacol. 
14:536-548, 1959. 


16. Hammermeister, K.E., Boerth, R.C. and Warbasse, J.R. The 
comparative inotropic effects of six clinically used antiarrhyth- 
mic agents. Am. Heart J. 84:643-652, 1972. 


17. Cardinal, Rene and Sasyniuk, Betty |. Electrophysiological 
effects of bretylium tosylate on subendocardial Purkinje fibers 
from infarcted canine hearts. J. Pharmacol. Exp. Ther. 
204:159-174, 1978. 


ARNAR-STONE LABORATORIES, INC. 


McGaw Park, Illinois 60085 nA 
A Subsidiary of American Hospital Supply Corporation 


Please send me the reprints | have circled 
(numbers correspond to the above bibliography): 


3.2 X E E (€ ww» 0 
n1 12 19 


O Comprehensive BRETYLOL* (bretylium tosylate) 
bibliography listing additional scientific papers 


14 #15 16 17 








: Name Specialty 
Address 
City State Zip 
AJC 
ASL-8-78-1135 


m dem m c ce c omo Oe es em ms m Pe ames FÜR Re tt em tme d Rn e, ae etm nt ate cl te cn ERG cn ene n e Qt ca alo mh n RR n 


f z , : : Printed in U.S.A. 


bretylium 
tosylate 


ETYLO 


IE 





BRETYLOL INJECTION 
FOR INTRAMUSCULAR OR INTRAVENOUS USE 


DESCRIPTION 
BRETYLOL (bretylium tosylate) is o-Bromobenzyl ethyldimethylammonium 
p-toluene sulfonate. The chemical structure i5: 


TI = 
CHa SO; 


CH; 
CH;-N- C2H5 
p CH3 
" Br 
C:isH;4 BrNOSS Mol. Wt. 414 39 


BRETYLOL is a white, crystalline powder with an extremely bitter taste. It is 
freely soluble in water and alcohol. Each mi of sterile, pyrogen-free solution 
contains 50 mg bretylium tosylate in Water for Injection, USP. The pH is 
adjusted, when necessary, with dilute hydrochioric acid or sodium hydroxide. 
BRETYLOL contaíns no preservative. 


CLINICAL PHARMACOLOGY 

BRETYLOL (bretylium tosylate) is a bromobenzyl quaternary ammonium com- 
pound which selectively accumulates in sympathetic ganglia and their post- 
ganglionic adrenergic neurons where it inhibits norepinephrine release by 
depressing adrenergic nerve terminal excitability. 

BRETYLOL also suppresses ventricular fibrillation and ventricular ar- 
rhythmias. The mechanisms of the antifibrillatory and antiarrhythmic actions 
of BRETYLOL are not established. In efforts to define these mechanisms, 
the following electrophysiologic actions of BRETYLOL have been demon- 
strated in animal experiments: 


I 1. Increase in ventricular fibillation threshold. 


P 2. Increase in action potential duration and effective refractory period without 
changes in heart rate. 


3. Little effect on the rate of rise or amplitude ef the cardiac action potential 

A (Phase 0) or in resting membrane potential (Phase 4) in normal myocardium. 
However, when cell injury slows the rate of rise, decreases amplitude, and 
lowers resting membrane potential, BRETYLOL restores these parameters 
toward normal. 


4. Increase in impulse formation and spontaneous firing rate of pacemaker 
tissue as well as increased ventricular induction velocity. 


The restoration of injured myocardial cell electrophysiology toward normal, 

M as well as the increase of the action potential duration and effective refractory 
period without changing their ratio to each other, may be important factors in 
suppressing re-entry of aberrant impulses and decreasing induced dispersion 
of local excitable states. 

a BRETYLOL induces a chemical sympathectomy-ike state which resem- 
bles a surgical sympathectomy. Catecholamine stores are not depleted by 
BRETYLOL, but catecholamine effects on the myocardium and on peripheral 
vascular resistance are often seen shortly after administration because 
BRETYLOL causes an early release of norepinephrine from the adrenergic 


minutes of an intravenous injection, suggesting that the effect on the 
myocardium may occur quite rapidly. 

BRETYLOL has a positive inotrapic effect on the myocardium, but it is 
s yet certain whether this effec: is direct or is mediated by catecholamine 
release. 

BRETYLOL is eliminated intact'by the kidneys. No metabolites have been 
identified following administratiome’ BRETYLOL in man and laboratory ani- 
mals. In man, approximately 70 to 8096 of a '*C-labelled intramuscular dose 
is excreted in the urine during the first 24 hours, with an additional 1096 
excreted over the next three days. 

In various studies of BRETYLOL excretion, estimates of the terminal half- 
life have varied from about 5 to about 10 hours, with an even wider range in 
individual subjects (4 to 17 hours. Whether this represents true intrapatient 
variability or limitations of methodology remains to be determined. 


Effect on Heart Rate: There is sometimes an initial small increase in heart 
rate when BRETYLOL is administered, but this is an inconsistent and tran- 
sient occurrence. 


Hemodynamic Effects: Following intravenous administration of 5 mg/kg of 
BRETYLOL to patients with acute myocardial infarction, there was a mild 
increase in arterial pressure, followed by a modest decrease, remaining 
within normal limits throughout. Pulmonary artery pressures, pulmonary cap- 
illary wedge pressure, right atrial pressure, cardiac index, stroke volume 
index. and stroke work index were-not significantly changed. These hemody- 
namic effects were not correlated with antiarrhythmic activity. 


Onset of Action: Suppression af ventricular fibrillation is rapid, usually 
occurring within minutes following intravenous administration. Suppression 
of ventricular tachycardia and othe: ventricular arrhythmias develops more 
slowly, usually 20 minutes to 2 hours after parenteral administration. 


INDICATIONS 

BRETYLOL is indicated in the treatment of life-threatening ventricular ar- 
rhythmias, principally ventricular fiaillation and ventricular tachycardia, that 
have failed to respond to adequate doses of a first-line antiarrhythmic agent, 
such as lidocaine or procainamide. At this time, BRETYLOL should not be 
considered a first-line antiarrhythmic agent. 

Use of BRETYLOL should be limited to intensive care units, coronary 
care units or other facilities whese-equipment and personnel for constant 
monitoring of cardiac arrhythmias and blood pressure are available. 

Following injection of BRETYLO. there may be a delay of 20 minutes to 2 
hours in the onset of antiarrhythmic action, although it appears to act within 
minutes in ventricular fibrillation. The delay in effect appears to be longer 
after intramuscular than after intrevenous injection. 
CONTRAINDICATIONS 
There are no contraindications to use in treatment of ventricular fibrillation 
or life-threatening refractory ventricular arrhythmias. 


WARNINGS 

1. Hypotension: Administration cf BRETYLOL regularly results in postural 
hypotension, subjectively recognized by dizziness, light-headedness, vertigo 
or faintness. Some degree of hypotension is present in about 50% of patients 
while they are supine. Hypotension may occur at doses lower than those 
needed to suppress arrhythmias. 


Patients should be kept in the supine position until tolerance to the 
hypotensive effect of BRETYLOL develops. Tolerance occurs unpredict- 
ably but may be present after several days. 


Hypotension with supine systolic pressure greater than 75 mm Hg need not 
be treated unless there are associated symptoms. If supine systolic pressure 
falls below 75 mm Hg. an infusion of dopamine or norepinephrine may be 
used to raise blood pressure. When catecholamines are administered, a 












Cd postganglionic nerve terminals. Subsequently, BRETYLOL blocks the re- —  qijyte solution should be employed and blood pressure monitored closely 
lease of norepinephrine in response to neuron stimulation. Peripheral ad- because the pressor effects of the catecholamines are enhanced by 
i i i has less Los ld ; 
i renergic blockade regularly causes orthostatic hypotension Dut BRETYLOL. Volume expansion with Blood or plasma and correction of dehy- 
> effect on supine blood pressure. The relationship of adrenergic blockade to — — qration should be carried out where appropriate 
the antifibrillatory and antiarrhythmic actions ot BRETYLOL is not clear. In a . 
study in patients with frequent ventricular premature beats, peak plasma 2. Transient Hypertension and increased Frequency of Arrhythmias: 
^ concentration of BRETYLOL and peak hypotensive effects were seen within Due to the initial release of norepinephrine from adrenergic postganglionic 
one hour of intramuscular administration, presumably reflecting adrenergic nerve terminals by BRETYLOL, transient hypertension or increased frequency 
neuronal blockade. However, suppression of premature ventricular beats was of premature ventricular contracticn: and other arrhythmias may occur in 
not maximal until 6-9 hours after dosing, when mean plasma concentration Some patients. 
had declined to less than one-half of peak level. This suggests a slower — 3. Caution During Use with Digitalis Glycosides: The initial release of 
mechanism, other than neuronal blockade, was involved in suppression of norepinephrine caused by BRETYLOL may aggravate digitalis toxicity. When 
the arrhythmia. On the other hand, antifibrillatory effects can be seen within a life-threatening cardiac arrhythmia occurs in à digitalized patient, 
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BRETYLOL should be used only if the etiology of the arrhythmic 
appear to be digitalis toxicity and other antiarrhythmic drugs are 
tive. Simultaneous initiation of therapy with digitalis g 
and BRETYLOL should be avoided. 


4. Patients with Fixed Cardiac Output: In patients with fix 
output (Le.. severe aortic stenosis or severe pulmonary hy 
BRETYLOL should be avoided since severe hypotension may re: 
fall in peripheral resistance without a compensatory increase 
output. If survival is threatened by the arrhythmia, BRETYLOL m 
but vasoconstrictive catecholamines should be given promptly 
hypotension occurs. 


USE IN PREGNANCY 

The safety of BRETYLOL in human pregnancy has not been e 
However, as the drug is intended for use only in life-threatening si 
may be used in pregnant women when its benefits outweigh th 
risk to the fetus. 


USE IN CHILDREN 

The safety and efficacy of this drug in children has not been ! 
BRETYLOL has been administered to a limited number of pediatr 
but such use has been inadequate to define fully proper dosage 
tions for use. 


PRECAUTIONS 

1. Dilution for Intravenous Use: BRETYLOL should be dilute 
BRETYLOL with four parts of Dextrose Injection, USP or Sodit 
Injection, USP) prior to intravenous use. Rapid intravenous adi 
may cause severe nausea and vomiting. Therefore, the diluted solt 
be infused over a period greater than 8 minutes. In treating exist 
ular fibrillation BRETYLOL should be given as rapidly as possib 
be given without dilution. 


2. Use Various Sites for Intramuscular Injection: When 
tramuscularly, not more than 5 mi should be given in a site, a! 
sites should be varied since repeated intramuscular injection int 
site may cause atrophy and necrosis of muscle tissue, fibrosi 
degeneration and inflammatory changes. 


3. Reduce Dosage in Impaired Renal Function: Since Bf 
excreted principally via the kidney, dosage should be reduced 
with impaired renal function. 


ADVERSE REACTIONS 

Hypotension and postural hypotension have been the most fri 
ported adverse reactions (see Warnings section). Nausea and | 
curred in about three percent of patients, primarily when BRE 
administered rapidly by the intravenous route (see Precautio 
Vertigo, dizziness, light-headedness and syncope, which someti 
panied postural hypotension, were reported in about 7 patients 

Bradycardia, increased frequency of premature ventricular ¢ 
transitory hypertension, initial increase in arrhythmias (see Warnil 
precipitation of anginal attacks, and sensation of substernal pr 
also been reported in a small number of patients, i.e., appro; 
patients in 1000. 

Renal dysfunction, diarrhea, abdominal pain, hiccups, eryther 
ular rash, flushing, hyperthermia, confusion, paranoid psychosi 
lability, lethargy, generalized tenderness, anxiety, shortness of 
phoresis, nasal stuffiness and mild conjunctivitis, have been 
about 1 patient in 1000. The relationship of BRETYLOL adm 
these reactions has not been clearly established. 


DOSAGE AND ADMINISTRATION 

BRETYLOL is to be used clinically only for treatment of lifi 
ventricular arrhythmias under constant electrocardiographic mon 
there is a delay in onset of its antiarrhythmic action, BRETYLOI 
considered or used as a replacement for rapidly-acting antiarrhy 
currently in use. The clinical use of BRET YLOL is for short-te 
Patients should either be kept supine during the course of BRI 
apy or be closely observed for postural hypotension. The optimal 
ule for parenteral administration of BRETYLOL has not beer 
There is comparatively little experience with dosages ( 
30 mg/kg/day, although such doses have been used without 
verse effects. The following schedule is suggested: 

A. For Immediately Life-threatening Ventricular Arrhyt 
Ventricular Fibrillation: Administer undiluted BRETYLOL at 
5 mg/kg of body weight by rapid intravenous injection. Other 
pulmonary resuscitative procedures, including electrical cardiow 
be employed prior to and following the injection in accordance with 
practice. If ventricular fibrillation persists, the dosage may be in 
mg/kg and repeated at 15 to 30 minute intervals until a total do: 
than 30 mg/kg of body weight has been given. For maintenanc 
below. 

B. Other Ventricular Arrhythmias: 

1. intravenous Use: BRETYLOL must be diluted as f 
intravenous administration: Using aseptic technique, dilute 
ene BRETYLOL ampul (10 mi containing 500 mg bretylium 
grr i mi with Dextrose Injection, USP or Sodium ( 
tion, USP. 

Administer the diluted solution at a dosage of 5 to 10 mg E 
kg of body weight by intravenous infusion over a period greati 
utes. More rapid infusion may cause nausea and vomiting. A 
may be given in 1 to 2 hours if the arrhythmia persists. 


2. For intramuscular Injection: (Do not dilute BRETYLOL 
muscular injection.) inject 5 to 10 mg BRETYLOL per kg 0 
Dosage may be repeated in 1 to 2 hours if the arrhythmia p 
after maintain with same dosage every 6 to 8 hours. 
Intramuscular injection should not be made directly into 0 
nerve, and the site of injection should be varied on repeated i 
C. Maintenance Dosage: The diluted BRETYLOL solution | 
istered by intermittent bolus infusion or by constant infusior 
1. Intermittent Infusion: Infuse the diluted solution at a dos 
mg BRETYLOL per kg body weight, over a period greater tt 
every 6 hours. More rapid infusion may cause nausea and v 
2. Constant Infusion: Infuse the diluted solution at a dosag 
BRETYLOL per minute. 
Dosage of BRETYLOL should be reduced and discontinued 


under electrocardiographic monitoring. Other appro 
rhythmic agents should be substituted, if indicated. 


HOW SUPPLIED 

NDC 0094-0012-10: 10 mi ampul containing 500 mg bretyl 
Water for Injection, USP. pH adjusted, when necessary, wil 
chloric acid or sodium hydroxide. Sterile, pyrogen-free. 
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tips Angiography Systems. 


TOTAL BODY COVERAGE 
WITH THE BROADEST RANGE 
OF EQUIPMENT 
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The parallelogram construction of the Poly 
WR | Ü Diagnost C permits the patient to remain sta- 
AN NS oria i X tionary, leaving the physician more relaxed 
wA PNE and able to concentrate fully on the proce- 
Am dure. Insuring maximum safety for both pa- 
T» tient and operator, the Poly C provides both 
j routine and cranic-caudal views that insure 
clear, unobstructed views of overlapping 
vessels. Stenoses which might have been 
obscured can be detected with a high degree 
of efficiency and operational ease. 
Designed for both the brachial and femoral 
techniques of cardiac angiography, the Poly 
| C is also successfully used in abdominal and 
thoracic studies. 
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Designed specifically for cerebral angiog- 
raphy at 2:1 magnification, the Poly Diagnost 
N easily provides views of the patient previ- 
ously difficult (or impossible) to achieve. The 
parallelogram construction allows full rotation 
around the long axis of the body and the 
maximum desirable head-to-foot angulation. 
The unique construction insures all motions 
are isocentric and all results are distortion 
free. 

Designed for use in single or bi-plane op- 
eration with a Puck rapid film changer, the 
Poly N lends itself to extensions for more ded- 
icated requirements, such as the latest con- 
figuration with a quickly interchangeable 
image intensifier and a rapid film changer. 
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Philips Angiography Systems. 








Poly Diagnost N 

The first in Philips' family of 
dedicated cerebral angiog- 
raphy systems with paral- 
lelogram construction. For 
optimum results with isocen- 
tric patient positioning for all 
projections. 




















Poly Diagnost UPI 


Philips' new universal angiog- 
raphy system for the most 
flexible filming of cerebral, 
thoracic, abdominal and 
peripheral angiography, with 
full provision for occasional 
cardiovascular examinations. 


















Poly Diagnost C 


An extension of the U-arm 
principle first developed by 
Philips in the Cardio Diagnost, 
the Poly C is a dedicated 
cardiovascular system. 
Parallelogram construction 
provides routine and cranio- 
caudal views without moving 
the patient, making the Poly C 
widely used for imaging the 
thoracic and abdominal areas. 





























A universal system with revolutionary design, 
the Poly Diagnost UPI features a rotating 
U-arm that carries the X-ray tube and an 
image intensifier and rapid film changer 
which are quickly interchangeable. 

A new experience in examination con- 
venience, the Poly UPI is a masterful combi- 
nation of system features: free choice of 
oblique, cranio-caudal and caudo-cranio 
projections; rapid changeover from fluoros- 
copy to film changer work; automatic control 
of object-film distance; motorized height ad- 
justment of both table and U-arm, which 
provides contact and up to 2:1 geometric en- 
largement; and a unique boating movement 
that keeps the object centered in the beam 
while the object-film distance is automatically 
controlled in every projection. It's the ideal 
universal system for angiography! 
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A COMPLETE FAMILY OF IMAGE INTENSIFICATION SYSTEMS, 
X-RAY TUBES AND GENERATORS 
FOR PHILIPS ANGIOGRAPHIC EQUIPMENT. 


Super Rotalix and 
Trinodex X-ray Tubes 
Preferred for exceptional 
image quality and reliable 
performance in sustained oc 
eration, Philips’ tubes are 
designed for high loadability 
and superbly efficient heat 
dissipation. 
















The 14" Triple-Mode 

Image Intensifier 

Another first from Philips! An 
amazingly lightweight 14" 
image intensifier for highly de- 
tailed surveys with outstand- 
ing results. 
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Conventional or 
Fiber Optic Image 
Intensifiers 

Select from a ful! range of 
fields in conventional image 


A Full Range 
of Generators 


intensifiers . . . or Philips’ Ex- From the very affordable 
clusive Fiber Optic Image In- three-phase, high output 
tensification System. Fiber Classic line, to a full range of 
optics provides 30:1 contrast Modular Generators, to the 
ratio for greater detail, uniform & computerized Optimus M200 
image quality over the entire D H j LI DS Philips’ family of generators 
screen, optimum image trans- combines quality, performant 
fer and compactness for easy the most reliable family of and price for your every exarr 


maneuverability. systems and people in the industry. ination need. 
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USUAL MAXIMUM DAILY DOSAGE: 20 mg given in divided 
doses (D.I.d. or t.i.d. ). A few patients may benefit from further 
Increases up to a daily dose of 40 mg given in divided doses 


Initial therapy: Whether using Minipress in 
ombination with other agents or alone, the start- 
ng dosage is 1mg t./.d. If response is not adequate 
by the next visit, the dosage should be increased 

o2mgt.i.d. 


Dosage titration: Thereafter, titrations of 
inipress should be carried out according to 
patient response. Dosage may be slowly increased 
o a daily maximum of 20 mg given in divided 
Noses. Although some patients may be controlled 
Dn 1 mg t.1.d., generally 6 mg to 15 mg daily will 
be needed in the majority of responding patients 


n order to achieve optimal blood pressure control 


Maintenance therapy: After initial titration, 
batients may be maintained on a b.1.d. or t.i.d. 
osage regimen. 

If optimum control is not achieved in patients 
eceiving Minipress and a diuretic, consider adding 
inother Step 2 antihypertensive agent. 

Ifoptimum control is not achieved with Minipress 
as the initial agent, consider adding a diuretic. 

When adding a diuretic or other antihyperten- 
sive agent, Minipress dosage should be reduced 
o1mgor2mgt..d. and retitrated as needed. 

Available in 1-mg, 2-mg, and 5-mg capsules. 
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BRIEF SUMMARY 

MINIPRESS* (prazosin hydrochloride) Capsules For Oral Use 
INDICATIONS. MINIPRESS (prazosin hydrochloride) is indicated in the 
treatment of hypertension. As an antihypertensive drug, it is mild to 
moderate in activity. It can be used as the initial agent or it may be 
employed in a genera! treatment program in conjunction with a diuretic 
and/or other antihypertensive drugs as needed for proper patient 
response 

WARNINGS. MINIPRESS (prazosin hydrochloride) may cause syn- 
cope with sudden loss of consciousness. In most cases this is 
believed to be due to an excessive postural hypotensive effect, 
although occasionally the syncopal episode has been preceded by 
a bout of severe tachycardia with heart rates of 120-160 beats per 
minute. Syncopa! episodes have usually occurred within 30 to 90 
minutes of the initial dose of the drug;occasionally they have been 
reported in association with rapid dosage increases or the in- 
troduction of another antihypertensive drug into the regimen of a 
patient taking high doses of MINIPRESS (prazosin hydrochloride). 
The incidence of syncopal episodes is approximately 1% in pa- 
tients given an initial dose of 2 mg or greater. Clinical trials con- 
ducted during the investigational phase of this drug suggest that 
syncopal episodes can be minimized by limiting the initial dose of 
the drug to 1 mg, by subsequently increasing the dosage slowly, 
and by introducing any additional antihypertensive drugs into the 
patient’s regimen with caution (see DOSAGE AND ADMINISTRA- 
TION). Hypotension may develop in patients given MINIPRESS who 
are also receiving a beta-blocker such as propranolol. 

If syncope occurs, the patient should be placed in the recumbent posi 
tion and treated supportively as necessary. This adverse effect is self 
limiting and in most cases does not recur after the initial period of therapy 

r during subsequent dose titration 

Patients should always be started on the 1 mg capsules of MINIPRESS 
(prazosin hydrochloride). The 2 and 5 mg capsules are not indicated for 
initial therapy 

More common than loss of consciousness are the symptoms often as 
sociated with lowering of the blood pressure, namely, dizziness and 
lightheadedness. The patient should be cautioned about these possible 
adverse effects and advised what measures to take should they develop 
The patient should also be cautioned to avoid situations where injury 
could result should syncope occur during the initiation of MINIPRESS 
(prazosin hydrochloride) therapy 

Usage in Pregnancy: Although no teratogenic effects were seen in 
animal testing, the safety of MINIPRESS (prazosin hydrochloride) in preg- 
nancy has not been established. MINIPRESS (prazosin hydrochloride) is 
not recommended in pregnant women unless the potential benefit out 
weighs potential risk to mother and fetus 

Usage in Children: No clinical experience is available with the use of 
MINIPRESS (prazosin hydrochloride) in children 
ADVERSE REACTIONS. The most common reactions associated with 
MINIPRESS (prazosin hydrochloride) therapy are: dizziness 10.3 
headache 7.8%, drowsiness 7.6%, lack of energy 6.9%, weakness 6.5%, 
palpitations 5.3%, and nausea 4.9%. In most instances side effects have 
disappeared with continued therapy or have been tolerated with no 
decrease in dose of drug 

The following reactions have been associated with MINIPRESS 
(prazosin hydrochloride), some of them rarely. (In some instances exact 
causal relationships have not been established) 

Gastrointestinal: vomiting, diarrhea, constipation, abdominal discom 
fort and/or pain 

Cardiovascular: edema, dyspnea, syncope, tachycardia 

Central Nervous System: nervousness, vertigo. depression, 
paresthesia 

Dermatologic: rash, pruritus 

Genitourinary: urinary frequency, impotence 

EENT: blurred vision, reddened sclera, epistaxis, tinnitus, dry mouth, 
nasal congestion 

Other: diaphoresis 

Single reports of pigmentary mottling and serous retinopathy, and a few 
reports of cataract development or disappearance have been reported. In 
these instances, the exact causal relationship has not been established 
because the baseline observations were frequently inadequate 

In more specific slit-lamp and funduscopic studies, which included 
idequate baseline examinations, no drug-related abnormal 
»phthalmological findings have been reported 
DOSAGE AND ADMINISTRATION. The dose of MINIPRESS (prazosin 
hydrochloride) should be adjusted according to the patient's individual 
blood pressure response. The following is a guide to its administration 

Initial Dose: 1 mg three times a day. (See Warnings) 

Maintenance Dose: Dosage may be slowly increased to a total daily 
dose of 20 mg given in divided doses. Higher doses usually do not in- 
crease efficacy, however a few patients may benefit from further in 
creases up to a daily dose of 40 mg given in divided doses. After initial 





titration some patients can be maintained adequately on a twice daily 
o 


dosage regimen 

Use With Other Drugs: When adding a diuretic or other anti 
hypertensive agent, the dose of MINIPRESS (prazosin hydrochloride) 
should be reduced to 1 mg or 2 mg three times a day and retitration then 
carried out 
HOW SUPPLIED. MINIPRESS (prazosin hydrochloride) is available in 
1 mg (white #431), 2 mg (pink and white #437), and 5 mg (blue and 


white *438) capsules in bottles of 250, and unit-dose institutional 


packages of 100 (10 x 10's) 
More detailed information available on request 
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A 5 week study was performed in 17 patients with frequent ventricular 


ectopic complexes. The study design comprised an initial control period, - 


1 week each of treatment with propranolol (240 mg daily), procainamide — 
(3.0 g daily) and quinidine (1.8 g daily) and a final control period. - 
Twenty-four hour ambulatory electrocardiograms and maximal exercise - 


tests were performed each week. For the group, the total number and 
qualitative types of ventricular ectopic complexes were similar during 


the two control periods; however, there were large variations among in- — 


dividual patients. Each drug reduced the total number of ventricular ec- 


topic impulses and the percent of patients with each qualitative type. There — 


was agreement between the ambulatory electrocardiogram and treadmill 
test in three quarters of the drug evaluations. Although it is possible to 
determine antiarrhythmic drug effects for a group, spontaneous variability 
in the occurrence of ventricular arrhythmias makes it difficult to evaluate 
the effects in individual patients. 


Several methods for documenting the efficacy of antiarrhythmic mea- 
sures have been developed. For symptomatic arrhythmias, symptom 
relief provides a measure of antiarrhythmic efficacy. For asymptomatic 
arrhythmias, electrocardiographic rhythm strips, treadmill tests or 
ambulatory electrocardiograms have all been used to determine anti- 
arrhythmic effect. Although there have been many studies evaluating 
and comparing antiarrhythmic drugs, to date there have been no studies 
comparing in the same patient the three established drugs that are widely 
available in this country for suppressing ventricular arrhythmias. There 
have been few careful comparisons or critical analyses of the ambulatory 
electrocardiogram and the exercise treadmill test as tools for docu- 


menting antiarrhythmic drug effects. In this study we assessed the - 
antiarrhythmic effects of propranolol, procainamide and quinidine, | 


measured as a reduction in both total number and qualitative types of 
ventricular ectopic complexes in the ambulatory electrocardiogram and 


exercise treadmill test. These techniques for evaluating antiarrhythmic - 


effects are compared, and the magnitude and clinical implications of 
spontaneous variations in the occurrence of ventricular ectopy are ex- 
amined. 


Methods 
Protocol Design 


Seventeen patients, 13 men and 4 women, were studied. Their average age was 
53.5 years (range 33 to 67). Nine patients had coronary artery disease, one had 
mitral valve prolapse and seven had no apparent cardiac disease other than 
ventricular arrhythmias. Each patient gave written informed consent, and the 
protocol was approved by the Stanford Medical Committee on the Use of Human 
Subjects in Research. Patients were referred by their physicians because of 
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TABLE | 
Total Number of Premature Ventricular Complexes 
Case Control Pro- Procain- Quin- Control 
no. Period 1 . pranolol amide idine Period 2 
A. In 24 Hour Ambulatory Electrocardiogram 
1 854 202 144 = 1171 
2 28,416 13,344 9888 2 3552 
3 12,000 12,480 ==. 1 14,976 
4 10,656 5856 8544 = 18,144 
5 * * tam * * 
6 26,112 29,376 = 4493 40,512 
7 4128 192 269 0 7008 
8 2784 106 14 11 1027 
9 7680 7392 15,552 20,832 7488 
10 3840 1373 566 893 7968 
11 2544 739 29 22 1949 
12 1728 739 96 7 278 
13 2496 1507 106 1 221 
14 2016 48 = 3456 1085 
15 4800 816 = =? 14,304 
16 1613 230 - 989 403 
17 13,632 12,672 E 18 7584 
B. In Treadmill Exercise Test 
1 79 14 0 T 45 
2 61 5 10 0 73 
3 127 304 = 0 188 
4 t t t —- t 
5t 0 35 y 0 3 
6 803 295 ám 156 803 
7: 0 0 0 0 
8 22 4 1 1 32 
9 166 170 215 87 185 
10 60 1 5 30 3 
11 12 10 1 0 1 
12? 2 0 0 0 0 
13 34 0 0 0 15 
14 28 0 - 13 0 
15 162 3 = = 161 
16 39 20 - 31 12 
17 99 144 ra 1 46 


* Accurate quantitation of premature ventricular complexes not 
possible because of parasystole. 

* Patient unable to exercise consistently because of lung disease. 

tł Patients 5, 7 and 12 were considered to have too few premature 
ventricular complexes during control period 1 of the treadmill exercise 
test and were not included in the quantitative analysis of the data. 


known ventricular ectopic activity. For each patient, antiar- 
rhythmic therapy was considered optional in that the known 
arrhythmias were not an immediate threat to life. Patients 
with known allergies or intolerance to propranolol, procain- 
amide or quinidine, poorly controlled congestive heart failure, 
myocardial infarction within the preceding 2 months, ad- 
vanced degrees of heart block or obstructive pulmonary dis- 
ease were excluded. 

The first week of the 5 week protocol was an initial control 
period (control period 1). Each patient had at least 10 pre- 
mature ventricular complexes during exercise and 5 minutes 
of recovery, or an average of 1 premature ventricular im- 
pulse/min over 24 hours during this control period. Pro- 
pranolol was administered during week 2 in doses of 40 mg 
every 4 hours (240 mg daily), procainamide during week 3 in 
doses of 375 mg every 3 hours (3.0 g daily) and quinidine 
during week 4 in doses of 300 mg every 4 hours (1.8 g daily). 
Week 5 was a final control period (control period 2). On the 
final day of each week, a maximal exercise treadmill test fol- 
lowing the Bruce protocol! and a 24 hour ambulatory elec- 
trocardiogram were obtained. Patients were permitted to take 
drugs at any time during the day as long as they followed the 





schedule described. Each patient was instructed regarding the 
importance of dosing intervals and of taking the drug. Patients 
were given telephone numbers to call in order to report any 
side effects. The treadmill tests were generally performed at 
8:30 AM, and the ambulatory electrocardiograms started 
immediately after the treadmill tests. For each patient, tests 
were performed on the same day of the week and the patients 
were instructed to go about their usual activities. 

Antiarrhythmic drug side effects were tabulated as follows: 
no side effects, side effects present but patient able to continue 
taking the drug, severe side effects and patient unable to 
continue taking the drug. 


Data Analysis 


The frequency of premature ventricular complexes in the 
ambulatory electrocardiograms was determined using a 
digital computer system.? Five recordings, all made in patients 
receiving antiarrhythmic therapy, had very infrequent ven- 
tricular ectopic complexes, and for these tapes an exact count 
was obtained. The remaining tapes were analyzed using al- 
gorithms that determine the number of premature ventricular 
complexes in each minute in the recording. To verify accuracy, 
exact manual counts from representative minutes of electro- 
cardiographic signal were made throughout the recording and 
compared with the computer count. The average ventricular 
ectopic complex overcount by the computer was 2.9 + 3.5 
percent (range 0.0 to 15.0) and the undercount was 3.5 + 3.2 
percent (range 0.0 to 16.2). Each tape was also analyzed for 
the occurrence of multifocal or paired premature ventricular 
complexes, bigeminy and ventricular tachycardia. Arrhythmia 
frequency in the ambulatory electrocardiogram was expressed 
as premature ventricular complexes/15 minutes averaged over 
the 24 hour period, and as the total number in 24 hours (Table 
IA). From these data, the percent change in ventricular ectopic 
complex frequency from control period 1 to control period 2 
was determined. For each drug, the quantitative antiar- 
rhythmic effect was assessed as the percent change in fre- 
quency of premature ventricular complexes in the ambulatory 
electrocardiogram recorded while the patient was taking that 
drug from the average frequencies recorded during the two 
control periods. 

For each exercise treadmill test, the total number of pre- 
mature ventricular complexes (Table IB) and the occurrence 
of multifocal or paired premature ventricular complexes, bi- 
geminy or ventricular tachycardia were determined by con- 
tinuous recording during exercise and 5 minutes of recovery. 
From these data, the percent change in total number of pre- 
mature ventricular complexes from control period 1 to control 
period 2 was determined. The quantitative antiarrhythmic 
effect for each drug was determined by comparing the total 
number of ventricular ectopic impulses during drug therapy 
with the average number of such impulses during the two 
control periods. The total number of minutes of exercise and 
maximal heart rates for the two control tests and for each drug 
was compared with the average values of the two control 
tests. 


Statistical Analysis 


Two separate statistical methods were used to analyze 
much of the data. Statistical comparison of the premature 


ventricular complex frequency for the two control ambulatory 


electrocardiograms was performed by a matched pair t test 
comparison of log (NC1 + 1.01) and log (NC2 + 1.01) where 
NC1 = the total number of premature ventricular impulses 
in 24 hours during the initial control recording and NC2 - the 
total rumber of premature ventricular impulses in 24 hours 
during the final control recording. The second method used ° 
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was the Wilcoxon rank sum test comparing NC1 and NC2. For 
each of the three drugs a matched pair t test was performed 
comparing log (ND + 1.01) and [log (NC1 + 1.01) + log (NC2 
+ 1.01)]/2, where ND = the total number of premature ven- 
tricular impulses in 24 hours during the drug recording. The 
Wilcoxon rank sum test comparing ND with (NC1 + NC2)/2 
was also used. Similar log transformations, matched t test 
comparisons and rank sum tests were made for the total 
number of premature ventricular impulses occurring in the 
exercise tests. Throughout this report, whenever two P values 
are given, the first was obtained by applying the t test to the 
transformed data and the second by using the rank sum test. 
For the comparison of the number of minutes of exercise and 
the maximal heart rates on the treadmill test, a matched pair 
t test was performed using nontransformed data. All P values 
are for two-tailed comparisons. 


Results 
Comparison of Control Periods 1 and 2 


Ambulatory electrocardiograms: Quantitative 
data on premature ventricular complexes were available 
from the ambulatory electrocardiographic tapes for 16 
of the 17 patients in this study. The tapes of one patient 
with parasystole could not be quantitated accurately 
because of the large numbers of fusion beats that at 
times were difficult to distinguish from sinus beats. The 
average ventricular ectopic impulse frequency in the 
ambulatory electrocardiographic recordings for these 
16 patients during the initial control recording (control 
period 1) and the final control recording (control period 
2) performed 4 weeks later were 81.5 + 89.0 and 83.1 + 
108 premature ventricular complexes per 15 minutes per 
patient, respectively. The total number of premature 
ventricular complexes ranged from 854 to 28,416 for 
control period 1 and from 221 to 40,512 for control pe- 
riod 2. For the group, the total number of premature 
ventricular complexes in the two control ambulatory 
electrocardiograms were statistically similar. However, 
data from individual patients demonstrated marked 
spontaneous fluctuation between the two recording 
periods (Fig. 1). Although the median percent change 
in premature ventricular complex frequency over the 
4 week period was only —12 percent (control period 2 
compared with control period 1), values in individual 
patients ranged from —91 percent to +198 percent. Five 
of the 16 patients (31 percent) showed a spontaneous 
decline of more than 50 percent in frequency of pre- 
mature ventricular complexes; only 1 patient (6 percent) 
had a spontaneous reduction of more than 90 percent. 


200 E 
180 | — MEDIAN PERCENT CHANGE ] - 
E] 


PERCENT CHANGE IN PVC FREQUENCY 





EXERCISE 


AMBULATORY 
ECG TEST 


FIGURE 1. Spontaneous change in the occurrence of premature ven- a 
tricular complexes (PVC) for the two 1 week control periods. Shown 
are the percent changes in the number of premature ventricular com- d 





plexes in control test 2 compared with the number in control test 1 for 
the ambulatory electrocardiogram (ECG) (left) and treadmill exercise 
test (right). The wide range of individual patient variations is apparent; 
however, for the group, the median percent changes for the two tests _ 
were only — 12 percent and 0 percent, respectively. 3 





That the average frequencies for the group were similar - 
for the two control recordings reflects the occurrence — 
of these spontaneous changes in both directions, with —— 
seven patients demonstrating an increase and nine pa- 
tients a decrease in premature ventricular complex - 
frequency (Fig. 1). 5 
The occurrence of multifocal or paired premature 
ventricular impulses, bigeminy and ventricular 
tachycardia in the two control ambulatory electrocar- _ 
diograms was compared in all 17 patients. The total 
number of patients exhibiting pairs, bigeminy and 
ventricular tachycardia was similar for each of the two _ 
recordings (Table II). Multifocal premature ventricular 
complexes showed a slight difference for the two re- — 
cordings, occurring in 11 patients in control recording — 
1 and in 7 in control recording 2. Although the total _ 











TABLE ll 
Ambulatory Electrocardiogram: Number of Patients With Each Type of Ventricular Ectopic Activity 
Control Control 
Period 1 Propranolol Procainamide Quinidine Period 2 
(17 patients) (17 patients) (10 patients) (14 patients) (17 patients) 
Multifocal 11 (65%) 7 (4196) 4 (4096) 2 (1496) 7 (4196) 
Pairs 9 (5396) 5 (29%) 4 (4096) 3 (2196) 7 (4196) 
Bigeminy 13 (77 96) 10 (59%) 4 (4096) 4 (2996) 12 (7196) 
Ventricular 3 (1896) 1 (696) 1(10%) 1(7%) 2 (1296) 
tachycardia 
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TABLE Ill 
Reproducibility of Each Type of Complex Ventricular 


- Arrhythmia for the Two Control Periods (C1 and C2) 





Number of Patients With 
Arrhythmia 
Both C1 Only C1 
and C2 or C2 Total 
Ambulatory electro- 
cardiogram 
Multifocal 7 4 11 
Pairs 5 6 11 
Bigeminy 11 3 15 
Ventricular 0 5 5 
tachycardia 
Treadmill test 
Multifocal 1 9 10 
Pairs 4 3 7 
Bigeminy 3 5 8 
Ventricular 1 0 1 
tachycardia 





number of patients with each type of complex ar- 
. rhythmia was similar for the two control recordings, 


individual patients often demonstrated a given type of 


 arrhythmia in only one of the two recordings. Table II 


summarizes the reproducibility of each type of complex 
ventricular arrhythmia for the two recordings. Although 
the numbers are small for each type, it was common for 
these complex arrhythmias to be recorded in only one 
of the two control periods. This spontaneous variability 
was most apparent for pairs and ventricular tachycar- 


- dia. In fact, not one of the five patients with ventricular 


tachycardia had this rhythm recorded in both control 


-= ambulatory electrocardiograms. 


Exercise treadmill tests: Quantitative data on 
premature ventricular complexes were available for 13 
of the 17 patients. One patient was unable to exercise 


- consistently because of severe dyspnea related to re- 


strictive pulmonary disease, and three patients had too 
few ventricular ectopic complexes (less than 10) in the 
control treadmill tests to permit adequate quantitative 
comparison of the two control tests. For the remaining 
13 patients, the average number of premature ventric- 
ular complexes was 130 + 208 and 120 + 217 per patient 
per test in control period 1 and control period 2, re- 
spectively, with the median percent change being 0. 
Statistical analysis revealed no difference for the two 
control exercise tests. As with the ambulatory electro- 


—. cardiograms, individual patients demonstrated marked 


spontaneous change in total number of premature 





ventricular complexes from control period 1 to control 
period 2 (percent change ranging from —100 percent to 
+115 percent) (Fig. 1). Three of the 13 patients (23 
percent) demonstrated greater than 90 percent reduc- 
tion in the number of premature ventricular complexes 
from the first to the second control recordings. Five 


patients demonstrated an increase and eight a decrease 


in the number of premature ventricular complexes be- 
tween the two recordings. 

The occurrence of multifocal or paired premature 
ventricular complexes, bigeminy and ventricular 
tachycardia in the two control exercise treadmill tests 
was compared. The total number of patients exhibiting 
pairs, bigeminy and ventricular tachycardia was similar 
for each of the two exercise tests (Table IV). As with the 
ambulatory electrocardiogram, multifocal premature 
ventricular complexes showed a difference for the two 
exercise tests, with nine patients having multifocal 
premature ventricular complexes in control period 1 and 
only two in control period 2. There was a poor repro- 
ducibility of complex types of arrhythmias for the two 
control exercise tests (Table III). 

The number of minutes of exercise (7.1 + 3.0 versus 
7.8 + 2.8 minutes) and maximal heart rate (143 + 19 
versus 140 + 18 beats/min) was not significantly dif- 
ferent for the two control tests. In contrast to the total 
number and qualitative types of premature ventricular 


complexes recorded in the exercise treadmill tests, there 


were no large individual variations in the number of 
minutes of exercise and maximal heart rate achieved in 
the two control exercise tests. 

The spontaneous variability in arrhythmia in both 
the ambulatory electrocardiograms and treadmill tests 
was similar for patients with and without coronary ar- 
tery disease. 


Propranolol 


Side effects: All patients completed the 1 week 
course of propranolol, although one patient sponta- 
neously reduced his dose to 40 mg every 6 hours. Ten 
patients experienced no side effects with propranolol 
and seven had minor side effects. Five patients noted 
mild fatigue. Other side effects included depression, 
impotence and mild gastrointestinal complaints. Pro- 
pranolol had the least severe side effects among the 
three drugs studied. 

Ambulatory electrocardiograms: There was a re- 
duction in ventricular ectopic frequency in the ambu- 


TABLE IV 
Exercise Treadmill Test: Number of Patients With Each Type of Ventricular Ectopic Activity 
Control Control 
Period 1 Propranolol Procainamide Quinidine Period 2 
(16 patients) (16 patients) (9 patients) (14 patients) (16 patients) 
Multifocal 9 (5696) 3 (1996) 0 (096) 0 (096) 2 (1296) 
Pairs 6 (3896) 2 (1296) 1 (1196) 1(796) 5 (3196) 
Bigeminy 6 (3896) 6 (3896) 2 (2296) 2 (1496) 5 (3196) 
Ventricular 1 (696) 0 (096) 0 (096) 0 (096) 1 (696) 
tachycardia 
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PROPRANOLOL 


PROCAINAMIDE QUINIDINE 


FIGURE 2. Percent change in premature ventricular complex (PVC) 
frequency in the 24 hour ambulatory electrocardiogram for each of the 
three drugs compared with the average number in control periods 1 and 
2. Although each drug was associated with a marked reduction in ec- 
topic complexes, quinidine was most often associated with almost 100 
percent reduction. 


latory electrocardiogram recorded during treatment 
with propranolol compared with the control recordings 
in 14 of the 16 patients with quantitated data. Ven- 
tricular ectopic complex suppression was 90 percent or 
greater in only four of these patients (25 percent). The 
median percent reduction for all 16 patients was —63 
percent (range —97 to +20 percent) (Fig. 2). The re- 
duction in the total number of premature ventricular 
complexes was statistically significant (P «0.01, P 
<0.052), and there was also a reduction in the number 
of patients with all types of complex ventricular ectopy 
(Table II). 

Exercise treadmill tests: The median reduction in 
number of premature ventricular beats occurring during 
the exercise test while the patient was receiving pro- 
pranolol therapy was —81 percent (range —100 to +100 
percent) (Fig. 3). The reduction in the total number of 
premature ventricular complexes was statistically sig- 
nificant (P «0.01, P «0.08) and there was also a re- 
duction in the number of patients experiencing each 
type of complex ventricular form except bigeminy 
(Table IV). The duration of exercise (7.1 + 3.0 minutes) 
was similar to the control level. The maximal heart rate 
(103.7 + 13.3 beats/min) was reduced from the control 
value (P «0.001). 


Procainamide 


Side effects: Seven of the 17 patients were unable to 
complete the week of treatment with procainamide, and 
2 others experienced minor side effects. This drug had 
the most severe side effects among the three drugs. 
`" These included a variety of gastrointestinal complaints, 
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FIGURE 3. Percent change in the total number of premature ventricular - 
complexes (PVC’s) in the exercise treadmill test for each of the three - 
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drugs compared with the average number in control periods 1and2. | 
Each drug was associated with a marked reduction in ectopic com- 


plexes. 


malaise, fever, rash, visual disturbances, diaphoresis, 
arthralgia, insomnia and myalgias. 

Ambulatory electrocardiograms: There was a re- 
duction in premature ventricular complex frequency in 
the ambulatory electrocardiogram recorded during 


treatment with procainamide compared with the control 


recordings in 9 of 10 patients. This reduction exceeded 
90 percent in 6 of the 10 (60 percent). The median per- 
cent reduction for all 10 patients was —90 percent (range 
—99 to +105 percent) (Fig. 1). The reduction in the total 


number of premature ventricular complexes was sta- _ 


tistically significant (P <0.01, P <0.052), and there was 
a reduction in the number of patients with all types of 
complex ventricular ectopy (Table II). 

Exercise treadmill tests: The median reduction in 
number of premature ventricular complexes during the 
exercise treadmill test performed during procainamide 


therapy was —90 percent (range —100 to +22 percent) — 


(Fig. 3). The reduction in the total number of premature 


ventricular complexes was statistically significant (P. 
«0.025, P «0.064), and there was also a reduction in the - 


number of patients experiencing each type of complex 


ventricular beat (Table IV). Neither the duration of — 


exercise (7.6 + 2.1 minutes) nor the maximal heart rate 
(144.0 + 14.8 beats/min) differed from the control 
level. 


Quinidine 


Side effects: Three of the 17 patients were unable to 
complete the week of treatment with quinidine, and 8 
experienced side effects. Side effects included gas- 
trointestinal complaints, fever, cinchonism, fatigue, 
insomnia and syncope. 

Ambulatory electrocardiograms: Premature 
ventricular complex frequency was decreased in the 
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TABLE V 


Percent Suppression of Premature Ventricular Complexes 
in the Ambulatory Electrocardiogram Induced by Each 
Antiarrhythmic Drug in the Eight Patients Completing 1 
Week of Treatment With All Three Drugs 





Case no. Propranolol Procainamide Quinidine 
2 —16 —38 — 100 
7 —97 —95 —100 
8 —94 —99 —99 
9 "25 +105 +175 
10 -Ut —90 =85 
11 —67 —99 —99 
12 —26 —90 —99 
13 +10.5 —92 —100 





ambulatory electrocardiogram recorded during quini- 
dine therapy compared with control recordings in 11 of 
13 patients. This reduction exceeded 90 percent in 8 of 
the 13 patients (62 percent). The median percent re- 
duction was —99 percent (range —100 to +175 percent) 


—— (Fig. 2). The reduction in the total number of premature 


ventricular complexes was statistically significant (P 
«0.005, P «0.0026). Quinidine caused the largest re- 
duction in complex ventricular forms (Table IT). 
Exercise treadmill tests: The median reduction in 
number of premature ventricular beats occurring during 
the exercise treadmill test performed during quinidine 
therapy was —88 percent (range —100 to +19 percent) 
(Fig. 3). The reduction in total number of premature 
ventricular complexes was statistically significant (P 
«0.025, P <0.036). There was also a reduction in the 
number of patients with each type of complex ar- 
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FIGURE 4. Comparison of the ambulatory electrocardiogram (ECG) and 
exercise treadmill test in evaluating antiarrhythmic response. The 
horizontal axis gives the percent change in premature ventricular 
complex frequency compared with the average of the two control pe- 
riods as measured with the ambulatory electrocardiograms; the vertical 
axis gives these data for the exercise test. Although many drug trials 
showed premature ventricular complex suppression in both tests, 
sometimes the two tests gave disparate results. 
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rhythmia (Table IV). Neither the duration of exercise 
(7.8 + 2.6 minutes) nor maximal heart rate (141.8 + 14.9 
beats/min) differed from the control level. . 


Comparison of the Three Drugs in the Same Patient 


Eight patients completed the 1 week trial with all 
three drugs. There was generally good agreement be- 
tween the quantitative antiarrhythmic response to 
procainamide and quinidine; however, the antiar- 
rhythmic response to propranolol often differed from 
the response to the other two agents (Table V). 

Overall drug efficacy: Overall, 11 of the 16 patients 
had 90 percent suppression of premature ventricular 
complexes in the ambulatory electrocardiogram during 
treatment with at least one of the three drugs. However, 
4 of these 11 noted minor side effects from the drug. 
Thus, only 7 of 16 patients (44 percent) could have had 
90 percent suppression without side effect using these 
three drugs. The patterns of response to each of these 
three drugs could not be related to the underlying car- 
diac diagnosis. | 

Comparison of ambulatory electrocardiogram 
and exercise treadmill test: Quantitative ventricular 
ectopic beat data were available for both the ambulatory 
electrocardiogram and the exercise treadmill test for 28 
of the 1 week drug trials. The directional change (in- 
crease or decrease) in ventricular ectopic complex fre- 
quency was the same in 23 of these 28 tests (82 percent) 
(Fig. 4). In 20 of these 28 drug trials either an exercise 
test or an ambulatorv electrocardiogram demonstrated 
more than 70 percent reduction in ectopic beat fre- 
quency. Of these, 15 (75 percent) showed greater than 
70 percent reduction in both tests. In 13 of the drug 
trials either an ambulatory electrocardiogram or an 
exercise test demonstrated greater than 90 percent re- 
duction in ectopic beat frequency. Of these, 9 (69 per- 
cent) showed greater than 90 percent reduction in both 
tests. Thus, in approximately three quarters of the in- 
stances there was reasonable agreement between the 
quantitative antiarrhythmic responses assessed with 
these two techniques; however, in the remaining in- 
stances there were often large discrepancies (Fig. 4). 

For 72 of the 1 week control and drug therapy periods, 
both an ambulatory electrocardiogram and an exercise 


TABLE VI 


Comparison of Ambulatory Electrocardiogram and 
Treadmill Exercise Tes: in Detecting Complex Ventricular 
Arrhythmias 


Treadmill 


anc 
Ambulatory Treadmill Ambulatory 
Arrhythmia ECG Only ECG Only Total 


Multifocal 8 (22%) 6 (1796) 22 (6196) 36 
Pairs 11 (3896) 4 (1496) 14 (4896) 29 
Bigeminy 19 (45%) 2 (5%) 21 (50%) 42 
Ventricular 1(12%) 1(12%) 6 (75%) 8 
tachycardia 

Totals 39 (34%) 13 (11%) 63 (55%) 115 


ECG = electrocardiogram. 
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treadmill test were available to compare these two tests 
for detecting each type of complex ventricular ar- 
rhythmia (Table VI). Complex ventricular arrhythmias 
were most commonly (55 percent of cases) detected only 
in the ambulatory electrocardiogram; in 34 percent they 
were detected in both tests and infrequently (11 percent 
of cases) they were detected in the exercise treadmill 
test alone. 


Discussion 


Determining the effectiveness of antiarrhythmic 
therapy for ventricular arrhythmias can be a difficult 
problem. For some patients elimination of serious 
symptoms provides a reasonable end point for therapy.? 
Judging the success of therapy for asymptomatic ar- 
rhythmias is a more complex problem. Proof that 
treating such arrhythmias prevents future disability can 
be determined only in large scale intervention trials.*^ 
For individual patients, physicians often rely on other 
methods to document the effectiveness of antiar- 
rhythmic drugs. Two goals of our study were to compare 
the ambulatory electrocardiogram and exercise tread- 
mill test and to evaluate critically the use of qualitative 
and quantitative ventricular arrhythmia reduction for 
determining antiarrhythmic effect. 

Spontaneous variability in ventricular ectopy: 
One important finding of our study was the marked 
spontaneous variability in ventricular ectopy for indi- 
vidual patients when the two control periods were 
compared. Whether for each patient this was a 4 week 
trend or merely day to day fluctuation cannot be de- 
termined from our data. We could not account for these 
fluctuations on the basis of any apparent occupational, 
physical or emotional changes. The changes in fre- 
quency of ventricular ectopy were in both directions, 
and the average frequency for the group as a whole was 
statistically similar for both control periods. Each drug 
induced a significant group reduction in ventricular 
ectopy. The difficult problem is to determine when an 
individual patient has responded to an antiarrhythmic 
drug or when an observed reduction in ventricular ec- 
topy is due to a spontaneous decrease. 

In this study a 90 percent spontaneous reduction in 
the frequency of premature ventricular complexes was 
unusual in the ambulatory electrocardiogram, occurring 
in only 1 of 16 patients (6 percent), whereas 90 percent 
or greater reduction was frequently achieved while a 
patient was taking antiarrhythmic drugs, especially 
procainamide and quinidine. Although some investi- 
gators? have utilized a criterion of only 25 percent re- 
duction and we have generally used 70 to 75 percent 
reduction, perhaps a criterion of 90 percent reduction 
of premature ventricular complexes should be required 
when studying an individual patient to be certain that 
one is measuring a drug effect. Such a stringent criterion 
will decrease the number of false positive apparent drug 
responses resulting from a spontaneous decrease in 
premature ventricular complexes, but it will undoubt- 
edly exclude some true drug responses. This may be 
especially true for drugs such as propranolol, which 
infrequently resulted in a 90 percent reduction in ec- 
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topic frequency in individual patients yet demonstrated 
considerable antiarrhythmic effect for the group as a 
whole. Our data also indicate that spontaneous increases 
in the frequency of premature ventricular complexes are 
common and do not necessarily represent a drug-in- 
duced worsening of ventricular irritability. 

Problems in qualitative grading of ventricular 
arrhythmia: The use of a qualitative arrhythmia 
grading system for evaluating antiarrhythmic drug ef- 
fect has several problems. For some patients the oc- 
currence of each qualitative type of ventricular ar- 
rhythmia is variable from one ambulatory electrocar- 
diogram or exercise treadmill test to the next, and the 
disappearance of pairs or ventricular tachycardia be- 
tween tests may represent spontaneous variation rather 
than drug effect. Considering an arrhythmia only as 
present or absent makes no allowance for the number 
of times a given type of ventricular ectopic activity oc- - 
curs. Thus, even if an antiarrhythmic drug reduces the _ 


number of episodes of ventricular tachycardia from 100 - 


to 1, the patient would be still considered in the same 
qualitative class. Numerical “grading” of these types 
of arrhythmias’ is somewhat arbitrary because little is 
known about the prognostic importance of each type of 
ectopic activity and it is unclear whether the various 
ventricular arrhythmias occur independently or ` 
whether they occur as a function of each other or of total 

ventricular ectopic complex frequency. | 

Although there may be difficulties in determining 
when an individual patient responds to an antiar- 
rhythmic drug, group response is easily determined. 
from a statistical comparison of drug and control tests. 
Evaluation of our data suggested several things of note 
for statistical analysis. For many individual patients, 
the occurrence of premature ventricular complexes over 
24 hours does not follow either a normal or a Poisson 
distribution. For a group of patients, the number of 
premature ventricular complexes may range from only 
a few to tens of thousands per day, suggesting thatsome 
form of transformation should be applied before sta- 
tistical analysis. Because the log transformation we used 
did not fully normalize the data, we therefore also an- 
alyzed the data using nonparametric statistical meth- 
ods, which make no assumptions about distribution. 

Ambulatory electrocardiogram versus exercise 
treadmill test: In this study the ambulatory electro- 
cardiogram detected more qualitative types of ven- 
tricular arrhythmias than the exercise treadmill test. — 
This increased sensitivity of the ambulatory electro- — 
cardiogram for detecting complex ventricular forms has 
been reported previously for patients with coronary — 
artery disease? and mitral valve prolapse.? Although © 
there was general agreement between the two tests in 
determining the antiarrhythmic response of the group 
as a whole, for individual patients the two tests occa- 
sionally gave quite disparate results. 

Comparison of propranolol, procainamide and 
quinidine: This study suggests that of the three drugs 
tested, propranolol is associated with fewest side effects 
and procainamide with the most during short-term 
administration. It is possible that the occurrence of side 
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effects could have been reduced and the degree of effi- 
cacy improved through the use of drug plasma concen- 
tration and adjustment of drug dose. However, for lo- 
gistic reasons, midweek dose adjustments were not 
carried out in this study. 

Both quinidine and procainamide were more likely 
than propranolol to result in nearly complete arrhyth- 
mia suppression. For individual patients, the use of a 
drug that frequently results in greater than 90 percent 
reduction in ventricular ectopy may make evaluation 
of drug response more certain. Overall, on the basis of 
both side effects and efficacy, our data suggest that 
quinidine may be the most useful of the three antiar- 
rhythmic drugs for suppressing asymptomatic ven- 
tricular ectopy in individual patients. This does not 
necessarily mean that it is superior for group interven- 
tion studies or that it will prove superior for prevention 
of sudden death. The finding that only 7 of 16 (44 per- 
cent) could have had 90 percent ventricular ectopic beat 
suppression without side effects, using these three 
drugs, is similar to that of Jelinek et al." in a study that 
used only procainamide and quinidine. 

Implications: Careful documentation of suppression 
of asymptomatic ventricular ectopic activity is of value 
for screening and testing new and existing antiar- 
rhythmic drugs. The procedure is time-consuming, even 
when computer techniques are used. If computer 


techniques are employed, ectopic impulse counts must 


be verified in some way for each patient individually 
because there may be an occasional patient whose tapes 
cannot be accurately quantitated. The use of sequential 
ambulatory electrocardiograms or exercise treadmill 
tests is expensive. The series of ambulatory electro- 
cardiograms and exercise treadmill tests used to eval- 
uate the antiarrhythmic drugs in this study would have 
cost the patient well over $1,000. At present, this seems 
excessive for the routine clinical management of pa- 
tients, in view of the lack of proved benefit of sup- 
pressing asymptomatic arrhythmias. 

Further work on the spontaneous variability of the 
types and quantity of ventricular ectopy will be required 
to determine the most appropriate method for deter- 
mining individual antiarrhythmic response. Ultimately, 
it will be necessary to demonstrate what level and what 
type of arrhythmia suppression, if any, correlate with 
a reduction in sudden death. 
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The influence of age on quinidine pharmacokinetics was assessed in 22 
healthy male and female volunteers; 14 of the subjects were young (aged 
23 to 34 years) and 8 elderly (aged 60 to 69 years). All subjects received 
180 to 300 mg of quinidine base by constant rate intravenous infusion over 


10 to 15 minutes. The concentration of total and unbound quinidine in | 


multiple serum samples and in urine collected within 48 hours after the 
administration of quinidine was determined with spectrophotofluorometric 
assay. Mean kinetic values for total quinidine in the young subjects were: 
elimination half-life (t4/55), 7.3 hours; total volume of distribution (Va), 
2.39 liters/kg; total clearance, 4.04 ml/min per kg; renal clearance, 1.43 
ml/min per kg; and percent unbound, 24.6. In the elderly subjects, the 
values for V4 (2.18 liters/kg) and percent unbound (28.2) did not differ 
significantly from these values in the young subjects. However, in the 
elderly subjects t4/;5 was significantly longer (9.7 hours, P <0.05) and 
total quinidine clearance significantly less (2.64 ml/min per kg, P <0.005) 
than in the young subjects. Renal clearance of quinidine in the elderly was 
also significantly less (0.99 ml/min per kg, P <0.05) than in the young 
and was associated with lower rates of creatinine clearance in the elderly 
(r = 0.66). Reduced clearance of quinidine and prolongation of its elim- 
ination half-life could predispose to toxicity in the elderly unless the dose 
were appropriately adjusted. 


Elderly persons appear to be more sensitive than young persons to a 
variety of drugs.!? Age-related changes in renal or hepatic clearance of 
many drugs?-$ may lead to excessive drug accumulation and may partly 
explain the predisposition to adverse drug reactions in the elderly. 
Quinidine derivatives are commonly administered to elderly persons with 


cardiac disease, although the influence of age on the pharmacokinetics | 
and clinical effects of quinidine is largely unknown. We studied the - 
disposition of quinidine in a series of young and elderly volunteer . 


subjects. 


Methods 


Subjects: Twenty-two healthy male and female volunteers participated in 
this study after giving informed consent (Table I). Fourteen subjects were 


“young,” aged 23 to 34 years, and 8 were “elderly,” aged 60 to 69 years. All of the d 


patients had normal laboratory screening profiles. Five of the eight elderly and 
all of the young subjects were free of identifiable medical disease. Two elderly 
women had mild diabetes mellitus that developed during adulthood and was 
treated with diet in one and with an oral hypoglycemic agent in the other. One 
elderly man had hyperlipidemia that was treated with diet. 

Protocol: A dose of 180 to 300 mg of quinidine base, as the lactate salt, was 
dissolved in 50 ml of a solution of 5 percent dextrose in water and infused into 
an antecubital vein for 15 minutes with a constant rate infusion pump during 
continuous electrocardiographic monitoring. Multiple venous blood samples 
were drawn from the contralateral arm before the infusion and at the following 
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hours after the start of the infusion: 0.25, 0.375, 0.5, 0.75, 1, 1.5, 
2, 2.5, 3, 4, 6, 8, 12, 24 and 30. An additional sample was drawn 
18 hours after the infusion in the young subjects. All urine was 
collected within 48 hours after the start of the infusion in 
samples divided as follows: 0 to 4, 4 to 8, 8 to 24 and 24 to 48 
hours. Serum and aliquots of urine were frozen until the time 
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Quinidine and pharmacokinetic measurements: 
Quinidine concentrations in all serum and urine samples 
were determined with a modification of the double extraction 
spectrophotofluorometric technique.’ The technique has a 
sensitivity limit of at least 0.03 ug/ml and a coefficient of 
variation for identical samples of 3 percent or less; it is es- 


of assay. sentially specific for unchanged quinidine and for dihydro- 





TABLE I 
Subject Characteristics and Pharmacokinetic Variables for Quinidine 
Value of 
Young Subjects Elderly Subjects Student's 
(no. — 14) (no. — 8) Independent t Level of 
(mean + SE) (mean + SE) Test Significance* 
Subject characteristics 
— Age (yr) 28.9 10.8 65.5 +1.0 28.9 P <0.001 
Sex (M/F) 7/7 2h 5/3 gen Ex pay 
Weight (kg) 68.0 +2.7 83.4 +5.9 2.74 P <0.025 
Serum albumin concentration (g/100 ml) 4.41 +0.06 4.33 +0.08 0.87 NS 
Creatinine clearance 1.57 +0.07 1.11 +0.11 3.52 P <0.005 
(ml/min per kg) 
Pharmacokinetic variables for quinidine 
V 4 (liters/kg) 0.52 +0.10 0.26 +0.04 1.99 po «P 
0.1 
Va (liters/kg) 2.39 +0.18 2.18 +0.22 0.75 NS 
t1/2a (min) 2.69 +0.65 2.57 +0.24 0.14 NS 
t1728 (hours) 7.25 +0.71 9.70 +0.86 2.13 P <0.05 
Total clearance 4.04 +0.30 2.64 +0.23 3.21 P <0.005 
(ml/min per kg) 
Renal clearance 1.43 +0.13 0.99 +0.12 2.29 P <0.05 
(ml/min per kg) 
Mean percent 24.6 +0.9 28.2 +2.6 1.57 NS 
unbound quinidine 


* d.f. (degrees of freedom) = 20 by two-tailed test. 
NS = not significant; P = probability; SE = standard error of the mean; t;,2. = apparent distribution half-life; t4,55 = apparent elimination half-life; 
V4 = volume of the central compartment; V4 = total volume of distribution. 
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FIGURE 1. Serum quinidine concentrations and com- 
puter-determined pharmacokinetic functions for repre- 
sentative young and elderly male volunteers. 
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quinidine, a pharmacologically active impurity.5-!! This 
method may also quantitate, in part, a pharmacologically 
active hydroxylated quinidine metabolite present in relatively 
low concentrations in the serum of some patients receiving 
long-term quinidine therapy.!? The relevance of this metab- 
olite in single dose studies is not known. 


The extent of quinidine binding to serum protein in all 
samples was determined with a modification of the equilib- 
rium dialysis technique of Hughes et al.!? Quinidine pro- 
tein-binding for each subject was expressed as the across- 
sample mean percent of unbound quinidine in all specimens 
drawn from that subject over the course of the study. 


Postinfusion serum quinidine concentrations were ana- 
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FIGURE 2. Individual and mean (+ standard error) 
values of pharmacokinetic variables for quinidine 
in young and elderly subjects. See Table | for 
statistical analysis. 
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lyzed with iterative nonlinear least-squares regression anal- 
ysis.^1415 The data were fitted to the sum of the smallest 
number of exponential terms necessary to describe the points 
adequately. The fitted functions were used to calculate the 
following pharmacokinetic variables?16-15: volume of the 
central compartment (V1), total volume of distribution (V), 
apparent distribution half-life (t;/5,), apparent elimination 
half-life (t;/55) and total clearance rate. The “projected” cu- 
mulative excretion of quinidine was determined with the 48 
hour excretion value together with a semilogarithmic plot of 
excretion rate versus the mid point of the collection interval. 
The renal clearance of quinidine was calculated as the product 
of total clearance and the projected cumulative fraction of the 
dose excreted in the urine. 
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Differences in kinetic variables between the young and 


_ elderly subjects were assessed with Student's two-tailed t test 
— for independent samples. 


Results 


No important adverse clinical effects were associated 


= with the intravenous infusion of quinidine. Postinfusion 
= serum quinidine concentration decreased in bi- or 
_ triexponential fashion in 20 of the 22 subjects. Two 
- subjects (one elderly man and one young woman) had 
— only a single exponential disappearance pattern. Figure 


1 shows representative serum concentration curves. 
Central compartment volumes tended to be smaller 


: : _in the elderly subjects than in the young (Table I), but 
. the difference was only of borderline significance. No 
_ differences between the groups were evident in the ap- 
= parent distribution half-life (t;/5,) or in the total ap- 
~ parent volume of quinidine distribution (Fig. 2). How- 
= ever, in the elderly, the apparent elimination half-life 


of quinidine (t;/55) was significantly longer and total 


—A quinidine clearance was significantly lower than in the 
.. young subjects (Table I, Fig. 2). Renal clearance of both 
— creatinine and quinidine was lower in the elderly, and 
- the renal clearance of creatinine and quinidine corre- 
— lated significantly (r = 0.66, P <0.001) (Fig. 3). How- 
.. ever, in both groups renal clearance averaged only about 
.. 85 to 40 percent of the rate of total quinidine clearance, 


confirming that extrarenal elimination mechanisms 
(presumably hepatic biotransformation) constitute the 
major route of quinidine clearance. Finally, protein- 


— binding of quinidine tended to be less in the elderly than 


in the young subjects. However, the difference was not 
significant and was not associated with a difference 
between groups in serum albumin concentration. 
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FIGURE 3. Overall relation of renal clearance of quinidine 
to that of creatinine. Also shown is the least-squares 
2.5 regression line that indicates highly significant correlation 
between the two (r — 0.66, P «0.001). 


Discussion 


This study demonstrates a significant prolongation 
of the elimination half-life of quinidine and a reduction 
of its total clearance in subjects aged 60 years or older 
compared with values in subjects aged 34 years or less. 
Renal clearance of creatinine and quinidine were lower 
in the elderly and were highly correlated. However, in 
both groups extrarenal clearance— presumably as a 
result of hepatic biotransformation—was the more 
important route of elimination. If our assay for quini- 
dine in urine also quantitated some quinidine metabo- 
lites, then renal clearance of intact quinidine in both 
groups would be even lower than we estimated. There 
was no evidence that a subject's age affected the dis- 
tribution of quinidine, although the extent of binding 
to serum protein tended to be decreased in the elder- 


ly. 


Implications: Our findings suggest that hepatic 
biotransformation and renal excretion of quinidine 
decrease with age. Similar age-dependent changes in 
pharmacokinetics heve been described for several 
drugs.?-9 The choice of quinidine dose schedules in 
clinical practice should take into account the age of the 
patient. A decrease in quinidine clearance in the elderly 
could predispose to excessive drug accumulation and 
possibly toxicity unless doses are appropriately ad- 
justed. 


Acknowledgment 


We are grateful for the assistance of Ann Werner 2nd Kate 
Franke, and of Dr. Dean S. MacLaughlin, who is supported 
by Grant GM-23430 from the U.S. Public Health Service to 
the Boston Collaborative Drug Surveillance Program. 


‘ 
a- tee 
UE abe Anak dE Iun luat Als 


4 CUM Aso RI 





- 


cd Iac geni amc REET ! 
QUINIDINE IN THE ELDERLY—OCHS ET AL. , 


IEE a Te Te LE Te TUNISIE a a ORT a a a| 
x ^ P ` * ‘ van P’ à Y LM ? Lr ^ | - a "I 


References 


10. 


o o » o Ww 


. Holloway DA: Drug problems in the geriatric patient. Drug Intel Clin 


Pharm 8:632-642, 1974 


. Greenblatt DJ, Allen MD, Shader RI: Toxicity of high-dose flura- 


zepam in the elderly. Clin Pharmacol Ther 21:355-361, 1977 


. Crooks J, O'Malley K, Stevenson IH: Pharmacokinetics in the el- 


derly. Clin Pharmacokinet 1:280—296, 1976 


. Triggs EJ, Nation RL: Pharmacokinetics in the aged: a review. J 


Pharmacokinet Biopharm 3:387-418, 1975 
Richey DP, Bender AD: Pharmacokinetic consequences of aging. 
Ann Rev Pharmacol Toxicol 17:49-65, 1977 


. Shader RI, Greenblatt DJ, Harmatz JS, et al: Absorption and 


disposition of chlordiazepoxide in young and elderly male volun- 
teers. J Clin Pharmacol 17:709-718, 1977 


. Greenblatt DJ, Pfeifer HJ, Ochs HR, et al: Pharmacokinetics of 


quinidine in humans after intravenous, intramuscular and oral ad- 
ministration. J Pharmacol Exp Ther 202:365-378, 1977 


. Midha KK, Charette C: GLC determination of quinidine from plasma 


and whole blood. J Pharm Sci 63:1244-1247, 1974 


. Valentine JL, Driscoll P, Hamburg EL, et al: GLC determination 


of quinidines in human plasma. J Pharm Sci 65:96-98, 1976 

Huffman DH, Hignite CE: Serum quinidine concentrations: com- 
parison of fluorescence, gas-chromatographic, and gas-chroma- 
tographic/mass-spectrometric methods. Clin Chem 22:810—812, 


September 1978 The American Journal of CARDIOLOGY Volume 42 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


1976 

Midha KK, McGilveray IJ, Charette C, et al: Comparison of a 
spectrofluorometric method with a gas-liquid chromatographic 
procedure for the determination of quinidine plasma levels. Can 
J Pharm Sci 12:41-44, 1977 

Drayer DE, Restivo K, Reidenberg MM: Specific determination 
of quinidine and (3S)-3-hydroxyquinidine in human serum by 
high-pressure liquid chromatography. J Lab Clin Med 90:8 16-822, 
1977 

Hughes IE, llett KG, Jellett LB: The distribution of quinidine in 
human blood. Br J Clin Pharmacol 2:521-525, 1975 

Usanis RA: NLIN-nonlinear least squares estimation of parameters 
(Library Services Series Document no. LSR-089-1). Research 
Triangle Park, NC, Triangle Universities Computation Center, 
1972 

Marquardt DW: An algorithm for least-squares estimation of 
nonlinear parameters. J Soc Ind Appl Math 11:431-441, 1963 
Greenblatt DJ, Koch-Weser J: Clinical pharmacokinetics. N Engl 
J Med 293:702-705, 964-970, 1975 

Gibaldi M, Perrier D: Pharmacokinetics. New York, Marcel Dekker, 
1975 

Wagner JG: Fundamentals of Clinical Pharmacokinetics. Hamilton, 
Illinois, Drug Intelligence Publications, 1975 


485 


POPUERNUPTERQUDUZANUUEUENRTS 


Uu 


EET WS 
CE D 2 


~ 486 





Efficacy of Lidocaine in Preventing Primary Ventricular 
Fibrillation Within 1 Hour After a 300 mg 


Intramuscular Injection 


A Double-Blind, Randomized Study of 300 Hospitalized 
Patients With Acute Myocardial Infarction 


K. |. LIE, MD 

KOEN L. LIEM, MD 

WILLEM J. LOURIDTZ, MD 
MICHIEL J. JANSE, MD 
ALBERTUS F. WILLEBRANDS, PhD 
DIRK DURRER, MD, FACC 


Amsterdam, The Netherlands 


From the Department of Cardiology and Clinical 
Physiology and the Interuniversity Cardiological 
Institute, University Hospital of Amsterdam, Wil- 
helmina Gasthuis, Amsterdam, The Netherlands. 
Manuscript received December 5, 1977; revised 
manuscript received May 2, 1978, accepted May 
3, 1978. 

Address for reprints: K. I. Lie, MD, Department 
of Cardiology and Clinical Physiology, University 
Hospital of Amsterdam, Wilhelmina Gasthuis, 
Eerste Helmersstraat 104, Amsterdam, The 
Netherlands. 


The effectiveness of intramuscular lidocaine in preventing in-hospital 
primary ventricular fibrillation within 1 hour after injection of the drug in 
patients with acute myocardial infarction was assessed in a double-blind 
randomized study performed in 300 such patients admitted within 6 hours 
of myocardial infarction. Six of 147 patients treated with 300 mg of in- 
tramuscular lidocaine had ventricular fibrillation compared with 4 of 153 
control subjects. The lidocaine blood level of the patients who experienced 
ventricular fibrillation was 1.4 + 0.7 ug/ml (mean + standard deviation) 
at the time of fibrillation, a value not significantly different from that of 
treated patients who did not experience fibrillation. Lidocaine blood levels 
in the latter were 1.9 + 1.1, 2.1 + 1.1, 2.1 + 1.1 and 1.7 + 0.7 ug/ml, 
respectively, 7, 15, 30 and 60 minutes after injection. In this study intra- 
muscular lidocaine was ineffective in preventing ventricular fibrillation, 
possibly because the given dose, 300 mg, prevented attainment of ade- 
quate blood levels of the drug. 


Seventy percent of the total mortality due to acute myocardial infarction 
occurs outside the hospital, presumably as a consequence of primary 
ventricular fibrillation.! Therefore, a safe and effective drug that can 
be given as a prophylactic measure outside the hospital is needed. The 
efficacy of intravenous lidocaine in preventing in-hospital primary 
ventricular fibrillation has been established.? However, because intra- 
venous administration of lidocaine is often not feasible or practical 
outside the hospital, several studies?-9 have been performed to evaluate 
the effect of intramuscular administration of this drug. In these studies, 
intramuscular lidocaine in a dose of 250 to 300 mg or 4.5 mg/kg body 
weight was shown to reduce ventricular ectopic activity. Another study? 
reported a lower rate of early death outside the hospital after intra- 
muscular injection of 300 mg of lidocaine in subjects with acute myo- 
cardial infarction; however, neither aeute myocardial infarction nor 
primary ventricular fibrillation was adequately documented. To ensure 
such documentation, we devised a double-blind controlled study of the 
effectiveness of intramuscular lidocaine in hospitalized patients after 
acute infarction. 


Material and Method 


Patients: The study was performed in patients under the age of 70 years, 
admitted to the hospital within 6 hours after the onset of symptoms of acute 
myocardial infarction. The diagnosis of infarction was based on a characteristic 
history of chest pain correlated with typical electrocardiographic changes (new 
Q waves and loss of R wave voltage) and a serial rise in serum enzyme values 
(creatine kinase [CK], serum glutamic oxaloacetic transaminase [SGOT] and 
lactic dehydrogenase [LDH]). Continuous electrocardiographic monitoring was 
performed in all patients during their stay in the coronary care unit. Infarct size 
was estimated by sampling serum enzymes (SGOT) at 6 hour intervals until the 
peak value was reached. Infarct location was defined according to the criteria 
proposed by the New York Heart Association.? 
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Patients were excluded from the study if on admission they 
had bradycardia with a ventricular rate of less than 50 
beats/min, pulmonary congestion, complete atrioventricular 
block, persistent ventricular tachycardia or ventricular fi- 
brillation. 

From May 1975 to September 1977, a total of 911 patients 
were admitted consecutively to the coronary care unit with 
the diagnosis of probable acute myocardial infarction; 321 
patients met the criteria for the study and entered the trial. 

Twenty-one patients were withdrawn from the study be- 
cause the diagnosis of acute myocardial infarction could not 
be proved with serial enzyme studies. Of the remaining 300 
patients, 147 received 300 mg of lidocaine and 153 received 
a solution of 0.65 percent sodium chloride and water. The two 
groups were comparable with respect to age, sex, site and size 
of infarction and time of hospital admission (Table I). 

Protocol: Immediately after admission, randomized pa- 
tients received an intramuscular injection of 300 mg lidocaine 
in a 10 percent solution or 0.65 percent sodium chloride and 
water in the deltoid muscle of one arm. The injection site was 
massaged vigorously for 1 minute. The nature of the injected 
solution was unknown to the medical and nursing staff. Blood 
samples from the antecubital vein of the other arm were taken 
7, 15, 30 and 60 minutes after injection. In addition, blood 
samples were also taken as soon as possible after the occur- 
rence of primary ventricular fibrillation. Blood levels of lid- 
ocaine were determined with gas chromatography.? The study 
was terminated within 1 hour after the intramuscular injection 
or if primary ventricular fibrillation or a sustained ventricular 
tachycardia occurred within that period. Differences in inci- 
dence were tested with the chi-square test, differences in blood 
lidocaine levels with Student's t test. 


Results 


The incidence of major ventricular arrhythmias in 
the first 60 minutes after injection of lidocaine or sodi- 
um chloride and the mortality rate were equal in both 
the treated and control groups (Table II). In the treated 
group primary ventricular fibrillation and ventricular 
tachycardia occurred in seven patients 15, 17, 20, 30, 35, 


plasma Lidocaine 


25 (ug/ml) 
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1 
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FIGURE 1. Plasma lidocaine levels (mean values + standard error of 
* fhe mean) in 140 of the 147 patients of the treated group. im. = intra- 
muscularly. 
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TABLE | 


Clinical Features of 300 Patients With Acute 
Myocardial Infarction 


Treated Control 
Group Group 
(no. = 147) (no. = 153) 
Mean age (yr) 58.8 57.1 
Sex 
Male 118 117 
Female 29 36 
Site of infarction 
Anterior 70 78 
Inferior 72 70 
Anterior and inferior 1 3 
Undetermined 4 2 
Mean peak SGOT (IU) 123 120 
Admission time (hr)* 
0-2 69 73 
2-4 56 58 
4-6 22 22 


* Time interval between onset of symptoms and arrival in the coro- 
nary care unit. 
SGOT = serum glutamic oxaloacetic transaminase. 


40 and 45 minutes, respectively, after the intramuscular 
injection. Blood lidocaine levels of five treated patients 
with ventricular fibrillation were 0.8, 0.9, 1.1, 2.1 and 2.2 
ug/ml, respectively (mean + standard deviation 1.4 + 
0.7). The patient in the treated group who had ven- 
tricular tachycardia had a plasma lidocaine level of 0.9 
ug/ml. The blood samples were drawn within 3 minutes 
after onset of the arrhythmia. In one patient with re- 
current ventricular fibrillation blood sampling failed. 
The mean blood lidocaine levels of treated patients who 
had no fibrillation measured 1.9 + 1.1, 2.1 + 1.1, 2.1 € 
1.1 and 1.7 + 0.7 ug/ml, respectively, 7, 15, 30 and 60 
minutes after injection (Fig. 1). The blood levels of the 
patients who experienced fibrillation were not signifi- 
cantly lower than these values. 

Lidocaine caused no major side effects such as res- 
piratory arrest or epileptic seizures. Nine patients 
showed drowsiness, numbness of tongue and lips or 
speech disturbances and dizziness. All deaths occurred 
after termination of the trial. 


Discussion 


Intramuscular lidocaine in a dose of 300 mg given in 
the deltoid muscle was ineffective in preventing primary 


TABLE Il 


Mortality and Incidence of Major Ventricular Arrhythmias 
Within 60 Minutes After Injection of Lidocaine or Sodium 
Chloride 


Treated Control 
Group Group 
(no. = 147) (no. = 153) 
Arrhythmias 
Primary ventricular 6 4 
fibrillation 
Ventricular 1 2 
tachycardia 
Deaths 
Cardiac rupture 1 2 
Cardiogenic shock 4 3 
Pulmonary edema 0 1 


487 . 


gw X id TE x EV N 3 s Y 
b x 
4 


ecu 


PT OP TRES GERE t TISOTOF RA 


vE 
a» 





ur Ni 
T a- ik a ve 
~ T^ 1 


T 
Y 


TETT, 
^ ` 
«LA 

. \e 


= 
- 


FP SER, 


"vr 





— * LIDOCAINE AND PRIMARY V 


rx wi 
^ P, 








ii Cw: 


ENTRICULAR- 


iri Aw A 


FIBRILLATION 


ventricular fibrillation within 1 hour of injection in our 
patients with a diagnosis of acute myocardial infarction. 
In this special clinical setting several mechanisms might 
be responsible for this ineffectiveness. 

Inadequate drug dose and blood levels: The failure 
of this drug regimen may have been primarily due to an 


inadequate dose. The blood lidocaine levels of patients - 


in the treated group, particularly of those who experi- 
enced fibrillation, (Fig. 1) were at the low end of the 
reported therapeutic range of 2 to 5 ug/ml.!° However, 
this reported therapeutic range!? is based on data on the 
effectiveness of lidocaine in suppressing ventricular 
ectopic beats only, and a dose that effectively suppresses 
such beats may be ineffective in preventing primary 
ventricular fibrillation.‘ A larger lidocaine dose seems 
to be required to prevent primary ventricular fibrillation 


. than to suppress ventricular ectopic beats.” 


Early versus later arrhythmias in acute infarc- 
tion: Another explanation for the failure of lidocaine to 
prevent fibrillation might be that the mechanism of 
arrhythmias in the earliest phase of myocardial in- 
farction is different from that in later stages.!? In the 
experimental model of Harris!? an early phase of ar- 
rhythmias occurred within minutes after coronary ar- 
terial occlusion. After several hours a second phase oc- 
curred, lasting until 24 to 48 hours after occlusion. There 


. is evidence that the early arrythmias are primarily due 


to reentry within the ischemic myocardium,!214-16 and 
drugs might be ineffective in suppressing these early 
arrhythmias because adequate concentrations cannot 
be attained within the nonperfused ischemic myocar- 
dium. The later arrhythmias are thought to be primarily 
due to increased automaticity, and also to reentry, 
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within the subendocardial Purkinje system. In this 
tissue, adequate drug concentrations might be achieved 
with diffusion by way of the cavitary blood. It is not 
known whether in man a similar distinction exists be- 
tween these two phases of arrhythmias. One clinical 
study!’ reported that lidocaine was unable to suppress 
ventricular arrhythmias occurring within 1 hour of 
myocardial infarction; in another,!? lidocaine abolished 
ventricular arrhythmias within the first hour in 89 
percent of cases. Neither study revealed whether the 
failure of lidocaine to suppress early ischemic ar- 
rhythmias was due to differences in arrhythmogenic 
mechanism of early and late arrhythmias or to ineffec- 
tive plasma levels of the drug. 

Our patients who experienced primary ventricular 
fibrillation did so between 1/2 and 2 hours after the 
onset of symptoms. We cannot say whether their ar- 
rhythmia was “early” or “late.” However, we believe 
that failure to achieve adequate plasma levels by in- 
tramuscular injection of lidocaine in the early phase of 
myocardial infarction is an important factor in ex- 
plaining the effectiveness of the drug. It may even be 
that low plasma levels of lidocaine may be deleterious 
because lidocaine in small doses can enhance reentrant 
rhythms.19-?! 

Implications: Our results suggest that prophylactic 
administration of 300 mg of lidocaine intramuscularly 
should not be recommended for every patient suspected 
of having an acute myocardial infarction. On the other 
hand, further studies using larger doses are needed to 
clarify the efficacy of intramuscular lidocaine in pre- 
venting primary ventricular fibrillation after infarc- 
tion. 
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The relation between baseline fasting serum lipid levels (serum cholesterol 


and triglycerides) and 5 year rates for four end points—mortality from _ 


all causes, mortality from coronary heart disease, sudden death due to 


coronary heart disease and incidence of nonfatal myocardial infarction 
plus coronary death—was studied in 2,789 men. These were patients in 


the Coronary Drug Project placebo group who were 30 to 64 years old on | 


entry and had recovered from one or more previous documented myo- 
cardial infarctions. Serum cholesterol was significantly related to all four 


end points, in both univariate and multivariate regression analyses (with | 


control of 38 or 39 other factors in the latter). This significant relation of 


cholesterol to these end points was shown at low, medium and high levels — 
of serum triglycerides. In contrast, baseline fasting serum triglyceride | 


levels were not positively related to any of these end points. In these 
postmyocardial infarction patients, findings indicative of cardiovascular 
Status at baseline evaluation, particularly the state of the myocardium, 
were more powerful prognosticators than serum cholesterol. These 
findings underscore the importance of efforts to prevent the first coronary 
episode. They also indicate the possibility after recovery from acute 
myocardial infarction of improving long-term prognosis through reduction 
of serum cholesterol. 


The Coronary Drug Project—a nationwide collaborative study sponsored 


by the National Heart, Lung, and Blood Institute—was designed to - 


assess the long-term efficacy of drugs influencing lipid metabolism in 
men surviving one or more episodes of myocardial infarction.!-? Because 


this objective required more than 8,000 patients and random assignment - 


to a placebo group, the Coronary Drug Project also provided a unique 


opportunity to study the long-term clinical course and prognosis after — 


recovery from myocardial infarction. 
This report is one of a series from the Coronary Drug Project.9-!! 
Previous papers presented data indicating that in persons recovered from 


myocardial infarction, the most powerful factors related to long-term — 
prognosis are those reflecting the status of the myocardium—for ex- 
ample, S-T segment depression or Q waves in the postrecovery resting 


electrocardiogram, electrocardiographic evidence of ventricular con- 


duction defects, premature ventricular complexes or tachycardia and _ 
cardiomegaly on chest X-ray film.9-? Within this context, it remains of — 


great theoretical and practical concern whether—and to what ex- 


tent—such treatable risk factors as hyperlipidemia, cigarette smoking 


and hypertension continue to relate to prognosis after myocardial in- 


farction. This study deals with one set among these variables—serum |. 


lipids (cholesterol and triglycerides) and their relation to long-term 
prognosis. Many research reports demonstrate that susceptibility to a 
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. FIGURE 1. Relative frequency distributions of baseline serum choles- 

. terol levels and fasting triglyceride levels for the 2,789 men of the 

— Coronary Drug Project placebo group. The cholesterol and triglyceride 

fe _values shown are the means, for each man, of three baseline deter- 

- minations at 4 week intervals. CHOL. = cholesterol; COEFF. OF VAR. 

E — coefficient of variation; L — liter; STD. DEV. — standard deviation; 
.. TRIG. = triglycerides. 






P | first episode of premature coronary heart disease in men 
| is directly and independently related to serum choles- 
eu terol level.12-38 In contrast, there is little information 
E on the long-term prognostic significance of serum cho- 

 lesterol concentration in persons recovered from one or 
more episodes of frank clinical coronary heart dis- 
ease.??-4? To our knowledge, there are no published 
- reports on the relation of fasting serum triglycerides to 
L the prognosis of such patients. This study utilized the 


aa 


"P ae 


5 year follow-up experience of the 2,789 men in the 

A 3 placebo group of the Coronary Drug Project to evaluate 
. these relations. 
Es Method 

Patients: The background, design and organization of the 
Coronary Drug Project were described in detail in earlier re- 
~ ports.!-!! The project's primary objective was to test the ef- 
.. ficacy and safety of several lipid-influencing drugs in the 
_ long-term therapy of coronary heart disease in men with 

. proved previous myocardial infarction.!-5 For this purpose, 

. 8,341 patients were recruited by the 53 participating clinical 

centers and randomly assigned to six groups. Approximately 
one third of the patients—2,789 men— were allocated to the 
. placebo group. Their 5 year experience is the basis of this re- 
_ port on the relation of prognosis to serum lipid levels obtained 
.. before randomization. 
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Patients accepted into the Corea Drug Project were men 
aged 30 to 64 years who had documented evidence of one or 
more myocardial infarctions, were considered on entry to be 
in functional class I or II (New York Heart Association clas- 
sification)?? and were free from a specified list of excluding 
diseases and conditions.! All patients had had their latest 
myocardial infarction at least 3 months earlier, and all were 
free of evidence of recent worsening of coronary disease or 
other major illnesses. In a series of standardized baseline ex- 
aminations, extensive data—including demographic, clinical, 
electrocardiographic and biochemical information—were 
collected for all patients. These included three determinations 
of serum cholesterol and triglycerides at 1 month intervals. 

Serum lipid determinations: For these chemical mea- 
surements, all men were given detailed instructions to report 
to the clinic in the morning in the fasting state, having taken 
no food or drink for at least 12 hours and having consumed no 
alcohol the evening before. Frozen serum packed in dry ice was 
transmitted to the Coronary Drug Project's Central Labora- 
tory, Center for Disease Control, Atlanta, Georgia. It was 
analyzed for serum cholesterol by a semiautomated modifi- 
cation of the Abell-Kendall method and for triglycerides by 
the Lofland modification of the Van Handel-Zilversmit 
method.!:44-46 Technical errors (T.E.) of the analytical pro- 
cedures were estimated from data on split pairs of sera, with 
use of the formula, T.E. = V 2d?/2N , where d is the difference 
in analytical value of a split pair and N is the number of pairs, 
as determined by the Coronary Drug Project’s external lab- 
oratory surveillance program, carried out with the Central 
Laboratory blinded. They were in the order of 5.0 mg/dl and 
0.35 mEg/liter for serum cholesterol and triglycerides, re- 
spectively, with resultant coefficients of variation of ap- 
proximately 2 and 7 percent, respectively; that is, the serum 
cholesterol analytical method was consistently more repro- 
ducible than the serum triglyceride method. For evaluation 
of the relation between serum lipids and long-term prognosis, 
the mean of the three baseline determinations of serum cho- 
lesterol and triglycerides, respectively, was taken as the single 
baseline value for each of the 2,789 men in the placebo 
group. 

Follow-up: All men reported to the clinic for an interval 
visit every 4 months. A general examination, including a 
resting electrocardiogram, was made annually. Complaints 
and findings suggestive of illness or of drug toxicity were 
thoroughly evaluated by the research clinic. Data in a standard 
format were sent to the Coordinating Center from the clinics 
and were serially monitored for “events” including death, 
recurrent myocardial infarction, intermediate coronary epi- 
sodes called acute coronary insufficiency, angina pectoris, 
electrocardiographic findings, stroke, venous thromboem- 
bolism and other findings. 

Statistical analysis: This report is based on data available 
through September 30, 1974. As of that date, all 2,789 men in 
the placebo group had been under observation for at least 54 
months, and 96 percent for at least 60 months. The data were 
evaluated to assess the relation at baseline between serum 
lipids and other variables, as well as the relation of serum 
lipids to prognosis for this cohort over the 5 year period. For 
these latter analyses, four end points were used— mortality 
from all causes, coronary heart disease mortality, sudden 
coronary death (coronary death occurring within 60 minutes 
of onset of symptoms) and incidence of recurrent major cor- 
onary events (defined as definite nonfatal myocardial in- 
farction plus fatal coronary events). 

The primary statistical tool used to assess the relation 
between serum lipids and prognosis was the linear regression 


method.$-!! It was first applied to each lipid variable singly? : - 


that is, independently of all other variables. Second, the two 
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lipid variables were considered simultaneously. Each lipid 
variable was then analyzed simultaneously with 38 other 
baseline characteristics (demographic, clinical, electrocar- 
diographic, biochemical, hematologic, pharmacologic), in- 
cluding key prognosticators related to the status of the myo- 
cardium and arterial vasculature.9 In all analyses, t values 
were computed and quantile analyses were also performed. 


Results 


Baseline serum lipid distributions and relations 
to other variables: The distributions of baseline serum 
cholesterol and triglyceride levels for the cohort of 2,789 
placebo patients are presented in Figure 1. For triglyc- 
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erides, the distribution is markedly skewed to the right, 
and its coefficient of variation is much greater than that 
for cholesterol. 


Detailed analyses of the relation between serum 
cholesterol and other baseline factors, of possible 
prognostic importance after a myocardial infarction, 
showed most correlations to be of low order or nil, except 
for the expected sizeable positive association between 
cholesterol and triglycerides (0.37). Similar data for 
serum triglycerides showed the largest correlations to 
be between this variable and fasting plasma glucose 
(0.16), post-challenge plasma glucose (0.22), serum uric 
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FIGURE 2. Analyses of relations between baseline serum cholesterol (CHOL.) levels and 5 year rates for four stipulated end points for the 2,789 men 
tudied. The two slopes in each graph are, respectively, the univariate and multivariate linear regression lines for the relation between serum cholesterol 
nd the indicated end point. For the multivariate regression line, adjustment is made for the influence of 38 other baseline variables on risk of the 


event. MI — myocardial infarction. 
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acid (0.17) and relative body weight (0.19), in addition 
to the previously noted correlation with cholesterol. 
Prognostic significance of baseline serum lipid 
levels: For the four end points evaluated—mortality 
from all causes, coronary heart disease mortality, sud- 
den coronary death and incidence of major coronary 


. events (nonfatal myocardial infarction and coronary 
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death)—the numbers of events were 583, 452, 246 and 
731, respectively, and the 5 year rates were 20.9, 16.2, 
8.8 and 26.2 percent, respectively. 

With 5 year mortality from all causes as the end point 
and 40 baseline variables included in the stepwise linear 


regression analysis,$ cholesterol was the ninth variable 
selected, after eight others, all related to the status of 
the myocardium and the arterial vasculature. In order 
these were: S- T segment depression, cardiomegaly on 
chest X-ray film, New York Heart Association func- 
tional class, heart rate, ventricular conduction defects, 
history of diuretic use, number of myocardial infarctions 
and history of intermittent claudication. The adjusted 
t value, taking account of the 39 other variables in the | 

analysis, was 3.64 for cholesterol, compared with the - 
univariate unadjusted t value of 3.23; that is, the rela- 
tion of baseline serum cholesterol to 5 year risk of death 
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FIGURE 3. Analyses of relations between baseline serum fasting triglyceride (TRIG.) levels and 5 year rates for four stipulated end points for the 
2,789 men studied. The two slopes in each graph are, respectively, the univariate and multivariate linear regression lines for the relation betwee 
serum triglycerides and the indicated end point. For the multivariate regression line, adjustment is made for the influence of 38 other baseline variabl 


on risk of the event. L = liter; M! = mycardial infarction. 
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was highly significant, independent of other variables. 
For the triglycerides, the 14th variable selected, the 
unadjusted £ value was 0.84, the adjusted t value —2.61; 
that is, there was no evidence of a positive association 
between baseline fasting serum triglycerides and 5 year 
risk of death in either univariate or multivariate anal- 
yses. 

Figure 2 summarizes the findings on the relation 


. between mean serum cholesterol at entry and the four 


at sm 


end points. Clearly, a significant and consistent relation 
was recorded with both univariate and multivariate 
analyses. For mortality from all causes, the value for the 
slope (b = 0.054) indicates that for aman in this study 
with a baseline average serum cholesterol level 100 
mg/dl higher than that of another man, the risk of 
mortality in 5 years increased by 5.4 percentage points. 
Thus, a man with a serum cholesterol level of 200 mg/dl 
at entry had about an 18 percent probability of dying 
in 5 years and a man with a level of 300 mg/dl, a proba- 
bility of about 23 percent—about 30 percent greater. (A 
similar result was obtained when the multivariate 
analysis encompassed 39, rather than 38 adjusting 
factors, including serum triglycerides. In that case, the 
slope was 0.061, the t value, as already noted, 3.64.) 

In contrast, no significant positive relation was de- 
monstrable between average serum triglyceride values 
on entry and any of the four end points, by either uni- 
variate or multivariate analysis (Fig. 3). In fact, for one 
of the four end points—incidence of major coronary 
events—the multivariate adjusted slope had a fairly 
large negative value (b = —0.49, t = —2.66); that is, the 
higher the level of baseline serum triglycerides, the 
smaller was the risk of a major coronary event during 
the 5 years of follow-up. 

Bivariate analyses yielded results consistent with 
these findings. Thus, linear regression analysis of the 
two variables simultaneously indicated a significant 
relation between serum cholesterol and each of the four 
end points, but no significant triglyceride effect. In- 
clusion of an interaction term in the model showed no 
significant interaction effect. T'he regression lines de- 
rived from these analyses are plotted in Figures 4 and 
5. Also shown in these figures are the observed event 
rates for the nine groups identified by classification of 
the men based simultaneously on low, medium and high 
cholesterol and low, medium and high triglyceride lev- 
els. Figure 4 shows the groups arranged to demonstrate 
the cholesterol effect within the triglyceride subgroups. 
Figure 5 presents the same groups arranged to show the 
triglyceride effect. The slopes of the regression lines are 
not identical because of the minor interaction effects; 
that is, the slope of the regression line for cholesterol 
depends slightly upon the triglyceride level, and vice 
versa. 

Among the nine groups presented in this analysis, the 
highest 5 year mortality rate from all causes (27.9 per- 
cent) was for the group with high cholesterol and low 
triglyceride levels. The rate for the group with high 
cholesterol and high triglyceride levels was 21.3 per- 
cent. 


. q The various analyses described were repeated after 


a logarithmic transformation was applied to the tri- 
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glyceride values to take account of the skewness of the 
distribution. Generally similar results were obtained. 
Further, adding the quadratic terms for the cholesterol 
and triglyceride effects led to only very minor increases 
in the multiple regression coefficients, indicating that 
these additional terms did not increase the power of the 
regression equations to estimate long-term risk after 
myocardial infarction. 


Discussion Y. 


Serum cholesterol and long-term prognosis: Our 
data demonstrate a clear-cut significant relation be- 
tween baseline serum cholesterol level and long-term 
prognosis for men recovered from myocardial infarction. 
This result emerged from analyses using the mean of 
three baseline serum cholesterol values for each man. 
It was found for all four end points evaluated—death 
from all causes, coronary mortality, sudden coronary 
death and incidence of major coronary events (nonfatal 
myocardial infarction plus coronary death). It was 
shown to persist independently and significantly after 
statistical adjustment for 39 other variables (demo- 
graphic, electrocardiographic, roentgenographic, 
medical historical, biochemical, therapeutic) possibly 
related to long-term prognosis after myocardial in- 
farction. 

These findings strongly indicate that serum choles- 


bs. 


terol not only is significantly and independently related — 


to risk of a first major coronary event—a phenomenon 
repeatedly demonstrated both retrospectively and 
prospectively12-38 but also has significance for long- 
term prognosis when measured after recovery from one 
or more myocardial infarctions, although the force of 
the relation (relative risk) is conspicuously less. In this 
latter respect, our data are consistent with results of one 
other published study, from Oslo, Norway,^? as well as 
with data presented (but not yet published) from 
Rochester, Minnesota.*’ They are at variance with the 
negative results reported by two other studies, from 


Toronto, Canada and New York, New York,?9-*! The . 


reasons for tħe discrepancy are not immediately ap- 
parent. They may reflect differences in numbers of 
patients studied (2,789 placebo patients in the Coronary 
Drug Project versus 120 and 470 in the Toronto and 


New York studies); differences in average time after . 


myocardial infarction on entry into the study (36 
months in the Coronary Drug Project, 6 months in the 
New York study and unreported in the Toronto study, 


but apparently about 4 years on the basis of the data — 
presented); differences in patient characteristics; and © 
differences in control for other possible confounding ~ 
variables (examined in detail for 39 other variables in - 


the Coronary Drug Project, but not reported in the two 
other studies). 
Serum triglycerides and long-term prognosis: 


Our data demonstrated a relation of serum cholesterol . 
to 5 year incidence of events after myocardial infarction — 
irrespective of baseline fasting serum triglyceride level, 


that is, for men with low, medium and high serum tri- 
glyceride levels. In contrast, we found no relation be- 
tween serum triglycerides and incidence of events after 
infarction. These negative results consistently emerged 
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for all four end points, in univariate, bivariate (triglyc- 
erides and cholesterol) and multivariate (triglycerides 
plus 38 or 39 other baseline characteristics) analyses. 
They strongly indicate that fasting serum triglycerides 
have no relation to long-term prognosis after myocardial 
infarction or, possibly, an inverse relation (that is, at any 
level of serum cholesterol, the lower the serum triglyc- 
eride level, the worse the prognosis, particularly at 
higher levels of serum cholesterol). This finding may 
indeed “make sense" biologically because there is 
published evidence f?—? that cholesterol borne by 
smaller low density lipoprotein (LDL) may be more 
atherogenic, milligram for milligram, than cholesterol 


. in very low density lipoprotein (VLDL). These theo- 
. retical considerations apart, the Coronary Drug Project 


data lend no support to the hypothesis that serum tri- 
glycerides are prognostically important—-at least not 


. after recovery from one or more definite myocardial 


infarctions. 
'The Coronary Drug Project Research Group is una- 


a ware of data from any other study on serum triglycer- 


ides and long-term prognosis after myocardial infarc- 


- tion. To our knowledge, the only reports available relate 


to risk of first—rather than recurrent—coronary 


k events. In univariate analyses, serum triglycerides (and 


their main lipoprotein carriers, VLDL) do in some—but 
not most—studies relate positively to risk of a first 
coronary episode. Moreover, multivariate analyses 
generally indicate that this association is not indepen- 
dent of the relation of serum cholesterol (and its main 
lipoprotein carrier, LDL) to risk of a first coronary 
event,1617,22-24,28,29,53-5€ One report? from Stockholm, 
Sweden has concluded that serum triglycerides are re- 
lated to risk of first coronary events independent of and 
additive to serum cholesterol. However, the supporting 
statistics are not convincing because they entailed di- 
chotomization of the data for the two variables on the 
basis of arbitrary cut points and included no regression 
analysis. A recent report?? from Finland has presented 


. data indicating a contribution of fasting triglycerides 


to risk of a first coronary event independent of serum 
cholesterol. Whatever the case in regard to first events, 
the Coronary Drug Project 5 year data clearly indicate 
no positive relation between fasting serum triglycerides 
and risk of recurrent coronary events or death for 
middle-aged American men after myocardial infarc- 
tion. 

Therapeutic implications: A further comment is in 
order on the quantitative aspects of the positive relation 


_ between serum cholesterol and coronary risk after 
. myocardial infarction and their implications for a pos- 
sible therapeutic benefit by reducing serum cholesterol 


after myocardial infarction, and for testing this possi- 
bility in randomized controlled trials. As indicated in 
Figure 2, the value of the slope (b) of the relation be- 
tween cholesterol and mortality from all causes was 0.05, 
both unadjusted and adjusted for 38 other factors. For 
the entire cohort of 2,789 men in the placebo group, 
mean serum cholesterol was about 250 mg/dl and the 
5 year mortality rate was 20.9 percent. Currently, a 
reasonable possibility for overall reduction of serum 
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cholesterol by nutritional or pharmacologic means, or 

both, is in the range 10 to 20 percent, that is, a reduction 
of 25 to 50 mg/dl on the average for men like those in the 

Coronary Drug Project.35:12,13,19,48,49,57-62 Qn the basis 
of a value of 0.05 for the slope of the cholesterol-mor- 

tality relation, a 10 percent or 25 mg/dl decrease in 
serum cholesterol could hypothetically lead to a de- 

crease in mortality of 1.25 percentage points, or a 6 
percent decrease in mortality (1.25/20.9). A reduction 
in serum cholesterol by 20 percent or 50 mg/dl could 
hypothetically produce twice the decrease in mortality, 

or 2.50 percentage points, equal to a decline in the death 
rate of 12 percent (2.50/20.9). Calculations for the three 
other end points yield similar results. These are far less 
proportionately—that is, relatively—than those esti- 

mated as being theoretically possible by similar lowering 
of serum cholesterol for persons free of clinical coronary 
heart disease.1?:616354 Thus the Coronary Drug Project 
findings highlight the need for a strategy focused on 
primary prevention to control the current epidemic of 
coronary heart disease.!2:13,28.64 Nevertheless, a 6 to 12 

percent reduction in 5 year mortality for patients after 

myocardial infarction would not be negligible, in view 
of the high absolute risk, that is, about 20 percent in 5 

years. Thus, a reduction of 6 percent in this mortality 

rate would save 12 lives among 1,000 such men per 5 

years, and a reducticn of 12 percent would save 24 lives. 

This absolute saving in lives per 1,000 is by no means 

inferior to that theoretically achievable by similar 

cholesterol reduction before myocardial infarction when 

the absolute risk is considerably lower. The import of 
this possibility is clear when it is recalled that in the 

United States young adult and middle-aged persons 

with clinically manifest coronary heart disease number 

in the millions. 

Whether such hypothetical reductions in mortality 
for patients after myocardial infarction are attainable 
by safe means to lower serum cholesterol (for example, 
calorie-controlled diets low in saturated fat and cho- 
lesterol), has not been clarified by any randomized 
controlled experiment. Moreover, at present no plans 
are under way—to the best of our knowledge—to mount 
such a further large-scale trial of secondary prevention 
through reduction of serum cholesterol levels, by diet 
or drugs, or both. Therefore, physicians will have to 
advise their patients with coronary heart disease on the 
basis of the best judgment of the available evidence, 
short of definitive data from randomized controlled 
trials. The Coronary Drug Project data presented here 
support the inference that safe nutritional means to 
reduce serum cholesterol may be useful after myocardial 
infarction as part of the total therapeutic regimen to 
improve long-term prognosis. 


Appendix 


The key bodies of the Coronary Drug Project and their 
senior staff members are as follows: 

Policy Board: Robert W. Wilkins, MD (Chairman); Jacob 
E. Bearman, PhD; Edwin Boyle, MD; William M. Smith, MD, 
MPH; Christian R. Klimt, MD, Dr PH (ex officio); Jeremiah 
Stamler, MD (ex officio); Max Halperin, PhD (ex officioM : 
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William Zukel, MD (ex officio). Past Member: Louis Lasagna, 
MD 

Steering Committee: Jeremiah Stamler, MD (Chairman); 
Kenneth Berge, MD (Vice Chairman); William Bernstein, 
MD; Henry Blackburn, MD; Joseph H. Boutwell, MD; Jerome 
Cornfield; William Friedewald, MD; Lawrence Friedman, 
MD; Nicholas J. Galluzzi, MD; Max Halperin, PhD; Christian 
R. Klimt, MD, Dr PH; Charles A. Laubach, Jr., MD; Jessie 
Marmorston, MD; Nanette Wenger, MD. Past Members: 
David M. Berkson, MD; Gerald Cooper, MD; Kenneth Hyatt, 
MD; Bernard I. Lewis, MD; Milton Nichaman, MD; William 
Parsons, Jr., MD; Henry Schoch, MD; William J. Zukel, 
MD. 

Coordinating Center: Paul L. Canner, PhD (Principal 
Investigator); Christian R. Klimt, MD, Dr PH (Co-Investi- 
gator); Sandra Forman, MS; Elizabeth C. Heinz; Genell L. 
Knatterud, PhD; William F. Krol, PhD; Frances -L. Presti; 
Curtis L. Meinert, PhD; Gerard Prud'homme, MA. Past 
Members: Robert S. Gordon, Jr., MD; Yih-Min Bill Huang, 
PhD; David R. Jacobs, Jr., PhD; Suketami Timinaga, MD. 

Central Laboratory: Joseph Boutwell, MD (Medical Di- 
rector); Dayton Miller, PhD (Chief); John Donahue, MS; 
James Gill, Jr., MS; Sara Gill. Past Members: Gerald R. 
Cooper, MD; Eloise Eavenson, PhD; Adrian Hainline, MD; 
Alan Mather, PhD; Margie Sailors. 

ECG Center: Henry Blackburn, MD (Director of the 
Laboratory of Physiological Hygiene); Ronald J. Prineas, MD 
(Director of the ECG Center); Gretchen Newman. Past 
Member: Robin MacGregor. 

National Heart, Lung, and Blood Institute Staff: Wil- 
liam Friedewald; MD; Lawrence Friedman, MD; Max Hal- 
perin, PhD; William Zukel, MD. Past Members: Clifford 
Bachrach, MD; Jerome Cornfield; Eleanor Darby, PhD; Mi- 
chael Davidson, MD; Terrance Fisher, MD; Starr Ford, Jr., 
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MD; William Goldwater, PhD; Richard Havlik, MD; Thomas 
Landau, MD; Hubert Loncin, MD; Howard Marsh, MD, PhD; 
John Turner, MD; William Vicic, MD. 


Drug Procurement and Distribution Center: Salvatore 
Gasdia (Officer in Charge). 


Editorial Review Committee: Jeremiah Stamler, MD 
(Chairman); Kenneth Berge, MD; Henry Blackburn, MD; 
Jerome Cornfield; William Friedewald, MD; Lawrence 
Friedman, MD; Max Halperin, PhD; Christian R. Klimt, MD, 
Dr PH; Bernard Tabatznik, MD; Robert W. Wilkins, MD; 
Nanette Wenger, MD. 


Principal Investigators, Clinic Research Centers: 
Kenneth G. Berge, MD; Nicholas Galluzzi, MD; Jessie Mar- 
morston, MD; James A. Schoenberger, MD; Samuel Baer, 
MD; Henry K. Schoch, MD; J. Richard Warbasse, MD; Robert 
M. Kohn, MD; Bernard I. Lewis, MD; Richard J. Jones, MD; 
Kenneth Hyatt, MD; Dean A. Emanuel, MD; David Z. Mor- 
gan, MD; David Berkson, MD; William H. Bernstein, MD; 
Ernst Greif, MD; Richard R. Pyle, MD; Ephraim Donoso, MD; 
Jacob I. Haft, MD; Gordon L. Maurice, MD; Ralph Lazzara, 
MD; Irving M. Liebow, MD; Marvin S. Segal, MD; Charles B. 


Moore, MD; John H. Morledge, MD; Olga M. Haring, MD; 


Robert C. Schlant, MD; Joseph A. Wagner, MD; Ward Lara- 
more, MD; Donald McCaughan, MD; Robert W. Oblath, MD; 
Peter C. Gazes, MD; Bernard Tabatznik, MD; R. G. Hutch- 
inson, MD; Mario Garcia-Palmieri, MD; Nathaniel Berk, MD; 
Robert L. Grissom, MD; Ralph C. Scott, MD; Frank L. Ca- 
nosa, MD; Charles A. Laubach, Jr., MD; Ralph E. Cole, MD; 
Thaddeus E. Prout, MD; Bernard A. Sachs, MD; Ernest O. 
Theilen, MD; C. Basil Williams, MD; Edward L. Michals, MD; 
Fred I. Gilbert, Jr., MD; Sidney A. Levine, MD; Louis B. 
Matthews, Jr., MD; Irving Ershler, MD; Elmer E. Cooper, 
MD; Allan H. Barker, MD; Paul Samuel, MD. 
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fora broad range of native patiente 


ALDORILS containing ALDOMET* 
(Methyldopa, MSD) and HydroDIURIL’ 
(Hydrochlorothiazide, MSD)—two highly 
effective complementary agents—offers: 


b.i.d. convenience 
for many patients 


b.i.d. doses can be used for many patients. 


more economical therapy 
ALDORIL may offer more economical therapy 
than individual prescriptions for both 
HydroDIURIL and ALDOMET. 


daily activities usually 
not affected 


Exercise hypotension and diurnal blood pres- 
sure variations rarely occur. There is less 
frequent symptomatic postural hypotension 
than with many other antihypertensive agents. 


no overshoot 

Since both components of ALDORIL have a 
relatively short duration of action, withdrawal 
is followed by a return of hypertension usually 
within 48 hours. This is not complicated by an 
overshoot of blood pressure. 
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containing 500 mg ALDOMET* (Methyldopa, MSD) 
and 30 mg HydroDIURIL® (Hydrochlorothiazide, MSD) 
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TABLETS 


favorable cardiac 
profile 


Neither component of ALDORIL usually has any 


direct effect on cardiac function in long-term 
therapy —cardiac output is usually maintained. 


ALDORIL is contraindicated in active hepatic 
disease; anuria; hypersensitivity to methyldopa 
or to hydrochlorothiazide or other sulfonamide- 
derived drugs; if previous methyldopa therapy 
has been associated with liver disorders. 


In patients with renal disease, thiazides may 
precipitate azotemia. Use with caution in 
patients with severe renal disease or impaired 
hepatic function. 


It is important to recognize that a positive 
Coombs test, hemolytic anemia, and liver dis- 
orders may occur with methyldopa therapy. 
The rare occurrences of hemolytic anemia or 
liver disorders could lead to potentially fatal 
complications unless properly recognized and 
managed. For more details, see the brief sum- 
mary of prescribing information. 
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ALDORIL’ -15 containing 250 mg ALDOMET * (Methyldopa, MSD) and 15 mg HydroDIURIL® (Hydrochlorothiazide, MSD) 


*As a fixed combination, ALDORIL is not indicated for initial therapy since hypertension requires therapy titrated to 
the individual patient's needs. If an available strength of ALDORIL meets the patient's titrated needs, the combination 
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Antihypertensive TABLETS 
gs ALDORIL* D30 
v" methyldopa 500 mg and 


hydrochlorothiazide 50 mg hydrochlorothiazide 30 mg 













WARNING 
This fixed combination drug is not indicated for initial therapy of hypertension. 
Hypertension requires therapy titrated to the individual patient. If the fixed com- 
bination represents the dosage so determined, its use may be more convenient in 
patient management. The treatment of hypertension is not static, but must be re- 
evaluated as conditions in each patient warrant. 


Contraindications: Active hepatic disease, such as acute hepatitis and active cir- 
rhosis; if previous methyldopa therapy has been associated with liver disorders (see 
Warnings); anuria; routine use in an otherwise healthy pregnant woman with or with- 
out mild edema; hypersensitivity to methyldopa or to hydrochlorothiazide or other 
sulfonamide-derived drugs. 

Warnings: METHYLDOPÀ — It is important to recognize that a positive Coombs 
test, hemolytic anemia, and liver disorders may occur with methyldopa therapy. 
The rare occurrences of hemolytic anemia or liver disorders could lead to po- 
tentially fatal complications unless properly recognized and managed. Read 
this section orth to understand these reactions. ; 

With prolonged methyldopa therapy, 10% to 20% of m develop a positive direct 
Coombs test, usually between 6 and 12 months of therapy. Lowest incidence is at 


- daily dosage of 1 g or less. This on rare occasions may be associated with hemolytic 


anemia, which could lead to potentially fatal complications. One cannot predict which 
patients with a positive direct Coombs test may develop hemolytic anemia. Prior ex- 
istence or development of a positive direct Coombs test is not initself a contraindica- 
tion to use of methyldopa. If a positive Coombs test develops during methyldopa 
therapy, determine whether hemolytic anemia exists and whether the positive 
Coombs test may be a problem. For example, in addition to a positive direct Coombs 
test there is less often a positive indirect Coombs test which may interfere with cross 


. matching of blood. 
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At the start of methyldopa therapy, it is desirable to do a blood count (hematocrit, 


. hemoglobin, or red cell count) for a baseline or to establish whether there is anemia. 
- Periodic blood counts should be done during therapy to detect hemolytic anemia. It 


- may be useful to do a direct Coombs test before therapy and at 6 and 12 months after 





. the start of therapy. If Coombs-positive hemolytic anemia occurs, the cause may be 


methyldopa and the drug should be discontinued. Usually the anemia remits 
promptly. If not, corticosteroids may be given and other causes of anemia should be 
considered. If the hemolytic anemia is related to methyldopa, the drug should not be 
reinstituted. When methyldopa causes Coombs positivity alone or with hemolytic 
anemia, the red cell is usually coated with gamma globulin of the IgG (gamma G) class 
only. The positive Coombs test may not revert to normal until weeks to months after 
methyldopa is stopped. 

Should the need for transfusion arise in a patient E methyldopa, both a direct 
and an indirect Coombs test should be performed on his blood. In the absence 
of hemolytic anemia, usually only the direct Coombs test will be positive. A positive 
direct Coombs test alone will not interfere with typing or cross matching. If the 
indirect Coombs test is also positive, problems may arise in the major cross match 
and the assistance of a n aig d or transfusion expert will be needed. 

Fever has occurred within the first three weeks of therapy, sometimes with 
eosinophilia or abnormalities in one or more liver function tests, such as serum 
alkaline phosphatase, serum transaminases (SGOT, SGPT), bilirubin, cephalin 
cholesterol flocculation, prothrombin time, and bromsulphalein retention. Jaun- 
dice, with or without fever, may occur, with onset usually within the first two to 
three months of therapy. In some patients the findings are consistent with those 
of cholestasis. Rarely fatal hepatic necrosis has been reported. These hepatic 
changes may represent hypersensitivity reactions; periodic determination of 
hepatic function should be done particularly during the first 6 to 12 weeks of 
therapy or whenever an unexplained fever occurs. If fever, abnormalities in liver 
function tests, or jaundice appear, stop therapy with methyldopa. If caused by 
methyldopa, the temperature and abnormalities in liver function characteristically 
have reverted to normal when the drug was discontinued. Methyldopa should not 
be reinstituted in such patients. 

Rarely, reversible reduction of white blood cell count with primary effect on 
granulocytes has been seen. Reversible thrombocytopenia has occurred rarely. 
When used with other antihypertensive drugs, potentiation of antihypertensive 
effect may occur. Follow patients carefully to detect side reactions or unusual 
manifestations of drug idiosyncrasy. 

HYDROCHLOROTHIAZIDE — Use with caution in severe renal disease. In patients 


= with renal disease, thiazides may precipitate azotemia. Cumulative effects may 


develop in patients with impaired renal function. Use with caution in patients 


= with impaired hepatic function or progressive liver disease, since minor altera- 
- tions of fluid and electrolyte balance may precipitate hepatic coma. May add to or 

= potentiate action of other antihypertensive drugs; potentiation occurs with 
-ganglionic or peripheral genon blocking drugs. Sensitivity reactions may oc- 

. Cur in patients with or without a 

of exacerbation or activation of systemic lupus erythematosus has been reported. 

- Lithium generally should not be given with diuretics because they reduce its renal 


istory of allergy or bronchial asthma. Possibility 


_ Clearance and add a high risk of lithium toxicity; read circulars for lithium prepa- 
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E of previous liver disease or dysfunction (see Warnings). 
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rations before use of such concomitant therapy. 

Pregnancy and Nursing: Use of any drug in women who are or may become preg- 
nant requires that anticipated benefits be weighed against possible risks. 
Methyldopa and thiazides cross the paara barrier and appear in cord blood. 
No unusual adverse reactions have been reported in association with the use of 
methyldopa during pregnancy. Although no obvious teratogenic effects have been 
reported, the possibility of fetal injury cannot be excluded. 

The hazards of thiazides crossing the placental barrier include fetal or neonatal 
jaundice, thrombocytopenia, and possibly other adverse reactions which have oc- 
curred in adults. Methyldopa and thiazides appear in breast milk. Patients taking 
ALDORIL should not nurse. 

Precautions: METHYLDOPA— Should be used with caution in patients with 
ay interfere 
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-Antihypertensive sive TABLETS = Antihypertensive TABLETS " 
ALDORIL®-25 ALDORIL®-15 
methyldopa 250 mg and methyldopa 250 mg and 


hydrochlorothiazide 25 mg — hydrochlorothiazide 15 mg 


with measurement of urinary uric acid by the e ap method, serum 
creatinine by the alkaline picrate method, and SGOT by colorimetric methods. 
Since methyldopa causes fluorescence in urine samples at the same wavelengths 
as catecholamines, falsely high levels of urinary catecholamines may be reported. 
This will interfere with the diagrosis of pheochromocytoma. It is important to 
recognize this phenomenon before a patient with a possible pheochromocytoma 
is subjected to surgery. Methyldopa is not recommended for patients with 
orbus. - rine exposed to air after voiding may darken because of 
reakdown of methyldopa or its metabolites.. Involuntary choreoathetotic move- 
ments have been observed in patents with severe bilateral cerebrovascular dis- 
ease. If such movements occur, stop the drug. Patients may require reduced 
doses of anesthetics; hypotension occurring during anesthesia usually can be 
controlled with vasopressors. Hypertension has recurred after dialysis in patients 
on methyldopa because the drug is removed by this procedure. 
HYDROCHLOROTHIAZIDE — Perform periodic determination of serum electrolytes 
to detect possible electrolyte imbalance. Observe all patients for clinical signs of 
fluid or electrolyte imbalance, namely, i/i Se idee | hypochloremic alkalosis, 
and hypokalemia. Serum and urine electrolyte determinations are particularly im- 
rtant when patient is vomiting excessively or receiving parenteral fluids. 
edication such as digitalis may also influence serum electrolytes. Warning 
signs, irrespective of cause, are dryness of mouth, thirst, weakness, lethargy, 
drowsiness, restlessness, muscle pains or cramps, muscular fatigue, hypoten- 
sion, oliguria, tachycardia, and gastrointestinal disturbances such as nausea and 
vomiting. Hypokalemia may develop, especially with brisk diuresis, in severe cir- 
rhosis, with concomitant corticosteroids or ACTH, or with inadequate oral 
electrolyte intake. Hypokalemia can sensitize or exaggerate response of heart to 
toxic effects of digitalis (e.g., increased ventricular irritability). Hypokalemia may 
be avoided or treated by use of potassium supplements, such as foods with a 
high potassium content. Any chloride deficit is generally mild and usually does 
not require specific treatment except under extraordinary circumstances (as in 
liver disease or renal disease). Dilutional hyponatremia may occur in edematous 
patients in hot weather; appropriate therapy is water restriction, rather than adminis- 
tration of salt except in rare instances when the hyponatremia is life threatening. In 
actual salt depletion, appropriate replacement is the therapy of choice. _ 
Hyperuricemia may occur or frank gout may be precipitated in certain patients. 
Insulin requirements in diabetic patients may be increased, decreased, or 
unchanged; latent diabetes mellitus may become manifest. Thiazides may in- 
crease responsiveness to tubocurarine. Antihypertensive effects of the drug may 
be enhanced in postsympathectomy patients. May decrease arterial responsive- 
ness to norepinephrine; this diminution is not sufficient to preclude effectiveness 
of the pressor agent for therapeutic use. If progressive renal impairment 
becomes evident, consider withholding or discontinuing diuretic therapy. 
Thiazides may decrease serum PBI levels without signs of thyroid disturbance. 
Calcium excretion is decreased by thiazides. Pathological changes in the 
parathyroid glands with hypercalcemia and hypophosphatemia have been ob- 
served in a few patients on prolonged therapy; thiazides should be discontinued 
before testing for parathyroid functicn. 
Adverse Reactions: METHYLDOPA — Central nervous system: Sedation, 
headache, asthenia or weakness; dizziness, lightheadedness, symptoms of 
cerebrovascular insufficiency, paresthesias, parkinsonism, Bell's palsy, decreased 
mental acuity, involuntary choreoathetotic movements; psychic disturbances, in- 


cluding nightmares and reversible mild psychoses or depression. Cardiovascular: 


Bradycardia, aggravation of angina pectoris. Orthostatic hypotension (decrease 
daily dosage). Edema (and weight gain) usually relieved by use of a diuretic. (Dis- 
continue methyldopa if edema progresses or signs of heart failure appear.) 
Gastrointestinal: Nausea, vomiting, distention, constipation, flatus, diarrhea, mild 
dryness of mouth, sore or "black" tongue, pancreatitis, sialadenitis. Hepatic: Ab- 
normal liver function tests, jaundice, liver disorders. Hematologic: Positive 
Coombs test, hemolytic anemia. Leukopenia, granulocytopenia, throm- 
bocytopenia. Positive tests for antinuclear antibody, LE cells and rheumatoid fac- 
tor. Allergic: Drug-related fever, lupus-like syndrome, myocarditis. Other: Nasal 
stuffiness, rise in BUN, breast enlargement, aane dari lactation, impotence, 
decreased libido, dermatologic reactions including eczema and lichenoid erup- 
tions, mild arthralgia, myalgia. 
HYDROCHLOROTHIAZIDE — Gastrointestinal system: Anorexia, gastric irritation, 
nausea, vomiting, cramping, diarrhea, constipation, jaundice (intrahepatic 
cholestatic jaundice), pancreatitis, sialadenitis. Centra/ nervous system: Dizziness, 
vertigo, paresthesias, headache, xanthopsia. Hematologic: Leukopenia, 
agranulocytosis, thrombocytopenia, aplastic anemia. Cardiovascular: Orthostatic 
hypotension (may be aggravated by alcohol, barbiturates, or narcotics). Hypersen- 
sitivity: Purpura, photosensitivity, rash, urticaria, necrotizing angiitis (vasculitis) 
(cutaneous vasculitis), fever, respiratory distress including pneumonitis, 
anaphylactic reactions. Other: Hyperglycemia, glycosuria, hyperuricemia, muscle 
spasm, weakness, restlessness, transient blurred vision. Whenever adverse reac- 
T are moderate or severe, thiazide dosage should be reduced or therapy with- 
rawn. 
Note: Tolerance may occur, usually between the second and third month of therapy. 
Increasing dosage of either component separately or together frequently restores 
effective control. Patients with impaired renal function may respond to smaller 
doses. Syncope in older patients may be related to increased sensitivity and ad- 
vanced arteriosclerotic vascular disease; this may be avoided by lower doses. 
How Supplied: Tablets ALDORIL®-15, containing 250 mg methyldopa and 15 mg 
hydrochlorothiazide, bottles of 100 and 1000; Tablets ALDORIL®-25, containing 
250 mg methyldopa and 25 mg hydrochiorothiazide, bottles of 100 and 1000; 
Tablets ALDORIL® D30, containing 500 mg methyldopa and 30 mg hydro- 
chlorothiazide, bottles of 100; Tablets ALDORIL® D50, containing 500 mg 
methyldopa and 50 mg hydrochlorothiazide, bottles of 100. 
For more detailed information, consult your MSD (ost 
or see full prescribing information. Merck & Dohme, Divi- 
sion of Merck & Co., Inc., West Point, Pa. J7AROB (021) 
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EN THERAPEUTIC DOSES OF 


POTASSIUM ARE REQUIRED: 





CONVENIENT AND ECONOMICAL 


KAON-CL 20% 


potassium chloride) LIQUID 


Indications: KAON-CL 20% is indicated for the treatment of potassium deple- 
tion in patients with hypokalemia and metabolic alkalosis, and for the treatment 
of digitalis intoxication. During therapy serum potassium levels should be moni- 
tored and the dosage titrated to achieve the desired clinical and laboratory ef- 
fects. KAON-CL 20% is also indicated for the prevention of potassium depletion 


esf,/hen the dietary intake of potassium is inadequate for this purpose. The 


prophylactic administration of potassium ion may be indicated in patients receiv- 
ing digitalis and diuretics for the treatment of congestive heart failure, hepatic 
cirrhosis with ascites, patients with hypertension on long-term diuretic therapy, 
hyperaldosteronism states with normal renal function, the nephrotic syndrome, 
and certain diarrheal states. 
Contraindications: In patients with hyperkalemia, chronic renal failure. systemic 
acidosis, acute dehydration, extensive tissue breakdown as in severe burns. 
adrenal insufficiency, or the administration of a potassium-sparing diuretic (e.g., 
spironolactone, tnamterene). 
Warnings: Do not administer full strength. KAON-CL 20% will cause gastroin- 
testinal irritation if administered undiluted. 

In patients with impaired mechanisms for excreting potassium, the administra- 
tion of potassium salts can produce hyperkalemia and cardiac arrest. Potentially 
fatal hyperkalemia can develop rapidly and be asymptomatic. The use of potas- 


* slunbsalts in patients with chronic renal disease, or any other condition which 


impairs potassium excretion, requires particularly careful monitoring of the 
serum potassium concentration and appropriate dosage adjustment. 
Hypokalemia should not be treated by the concomitant administration of 


40 mEq perl5ml 


potassium salts and a potassium-sparing diuretic (e.g., spironolactone or triam- 
terene) since the simultaneous administration of these agents can produce se- 
vere hyperkalemia. 
Precautions: The diagnosis of potassium depletion is ordinarily made by dem- 
onstrating hypokalemia in a patient with a clinical history suggesting some cause 
for potassium depletion. The treatment of potassium depletion, particularly in 
the presence of cardiac disease, renal disease. or acidosis, requires careful atten- 
tion to acid-base balance and appropriate monitoring of serum electrolytes, the 
electrocardiogram, and the clinical status of the patient. 
Adverse Reactions: Nausea, vomiting, abdominal discomfort and diarrhea. 
These symptoms are due to irritation of the gastrointestinal tract and are best 
managed by diluting the preparation further, taking the dose with meals, or 
reducing the dose. 

The most severe adverse effect is hyperkalemia (see Contraindications, Warn- 
ings and Overdosage). 
Overdosage: If excretory mechanisms are impaired or if potassium is adminis- 
tered too rapidly intravenously. potentially fatal hyperkalemia can result (see 
Contraindications and Warnings). It is important to recognize that hyperkalemia 
is usually asymptomatic and may be manifested only by an increased serum 
potassium concentration and characteristic 
electrocardiographic changes. Late mani- WARREN-TEED 
festations include muscle paralysis and car-LABORATORIES. INC. 
diovascular collapse from cardiac arrest. DIVISION OF ADRIA LABORATORIES INC. 
How Supplied: Pints. gallons and 4 fl. o. COLUMBUS, OHIO 43215 
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| Inner View No. 2 





A continuing educational series in Nuclear Cardiology 








Q. 


A. 


Q. 


The interview excerpted here was 
conducted with Glen W. Hamilton, 
M.D., Chief, Nuclear Medicine 
Section, Veteran's Administration 
Hospital, Seattle, Washington. Dr. 
Hamilton is also an Associate Pro- 
fessor of Medicine, University of 
Washington School of Medicine. 


Of the nuclear cardiology studies available in 
clinical practice today, which are the most dif- 
ficult to interpret? 


Thallium images are probably the most difficult 
to interpret, and pyrophosphate are probably the 
next. In about 60% of all abnormal studies, the 
abnormality is quite obvious. The remaining 4096 
are quite difficult to read. As the physician gains 
experience, he will be able to read about half of 
those with confidence, but about 20% of all thal- 
lium studies remain difficult to interpret. Ex- 
perienced observers will have legitimate disagree- 
ment as to whether a given study is normal or 
abnormal. 


Which of these tests are generally the best in the 
assessment of left ventricular function? Is this 
also the best study for assessing wall motion? 


. The multiple gated blood pool study yields the 
greatest clinical information compared to the diffi- 


culty of performing the test and, therefore, is the 
one we use in our clinical practice when we wish 
to assess a patient's ventricular function. The best 
study for assessing wall motion is probably the 
multiple gated study. It is not perfect, in that the 
right ventricle and the left ventricle overlap in 
all but the LAO view...but for most laboratories 
itis the most practical way to assess wall motion. 


Q. What studies would you recommend to a nuclear 


A. 


physician or cardiologist beginning nuclear 
cardiology in a community hospital? 


I would recommend two studies: multiple gated 
blood pool studies. and thallium imaging. The 
ventricular function measurements obtained from 
multiple gated studies are useful not only in pa- 
tients who have suspected coronary disease, but 
also in a wide variety of other patients, such as 
people with lung disease, older patients who have 
undetected ventricular dysfunction, or presurgi- 
cal patients. Clearly, this is going to be the larg- 
est volume study, and that's the place where they 
should start. After doing resting ventricular func- 
tion studies, they should progress to thallium 
imaging. Six months from now, there should be 
enough data available on rest/exercise ventricu- 


lar function studies using multiple gated imaging 
to indicate whether this technique is of general 
usefulness. 


. Which studies are most difficult to perform? 
. Pyrophosphate studies are obviously the simplest 


to perform. The multiple gated blood pool study 
is performed quite simply. However, the equip- 
ment required is not present in every laboratory 
at the present time. Thallium, being a less ideal 
isotope, is probably the most difficult study, in 
terms of the technique required to achieve good 
diagnostic results. 


. What may be the single most important use of 


these nuelear cardiology studies in five years? 


. First, I’m confident we will be noninvasively mea- 


suring ventricular function in a. wide range of 
patients with various disease states — coronary 
artery disease, cardiomyopathy, chronic lung dis- 
ease, valvular heart disease and many others. We 
will be able to follow these patients, correctly se- 
lect the optimal time for surgical intervention, and 
alter medical therapy so that treatment is optimal. 
There's no question that this will happen. 
Secondly, if these tests turn out to be quite sensi- 
tive for the detection of coronary artery disease 
in its early presymptomatic stages, it may be 
possible to alter that disease by various inter- 
ventions. This could become a very important 
national endeavor which could have far-ranging 
effects on health in this country. 


. How widespread do you see these techniques 


becoming? 


. The need for studies of ventricular function will 


be comparable to the need for lung or bone scans. 
I really expect that most existing nuclear medicine 
laboratories, and. generally any hospital of two or 
three hundred beds, will be able to perform ven- 
tricular function studies within the next several 
years. 


For the complete transcript of this interview with 
Dr. Hamilton, write Inner-View, General Electric 4 
Company, Medical Systems Division, P.O. Box. 
414 (Mail Code W-504), Milwaukee, WI 53201. 


General Electric Medical Systems, Milwaukee, 
Toronto, Madrid. 
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CORONARY Tool For Managing Conditions 
— In Which A Change Of Pacemaker Rate 

DI Would Benefit The Patient. 


la 


MC 770617 
Copyright * 1978, Medtronic, Inc. 





THERE ARE AT LEAST 

FIVE APPLICATIONS IN WHICH 
HAVING THE FLEXIBILITY 

OF CHANGING PACED RATE 
CAN PROVIDE MORE 
VERSATILITY IN PATIENT 
MANAGEMENT. 


These applications are: 

4. Sick Sinus Syndrome 
(brady-tachycardia). 

2. Coronary heart disease with 
angina pectoris. 

3. Valvular heart disease. 


4. To overdrive ventricular 
arrhythmias. 


5. To improve hemodynamics. 


In each of these, having the ability to 
change the pacing rate can preserve, 
maintain or improve the quality of life 
for pacemaker patients. Furthermore, 
because of the potential longevity of 
lithium pacemakers, the physician can 
take advantage of the greater flexibility 
provided by rate programmability to 
respond to the patients changing 
medical condition during the pulse 
generator service life. 





















CORONARY 
HEART 
DISEASE 
WITH ANGINA 





USING RATE PROGRAMMABLE 
PACEMAKERS IN CORONARY 
HEART DISEASE WITH 

ANGINA PECTORIS 


Not infrequently, the patient in wnom 
pacing is indicated presents with 
coronary artery disease and angina 
pectoris. 


Angina may be occuring as a 
consequence of heart rate exceeding 
the ability of the coronary artery network 
to provide adequate circulation to 
myocardial tissue. Since heart tissues 
receive nutrients during diastole, it is felt 
that a slower heart rate and a 
corresponding longer diastolic period 
may provide enhanced opportunity for 
energy and oxygen transfer to 
myocardial tissue. 


In any event, a rate programmable 
pacemaker permits evaluation for 
clinical symptoms at various rates and 
can permit selection of a pacing 
rate which is not likely to 
provoke angina, while 
providing the patient 
with adequate 
exertional status. 


SICK SINUS 
SYNDROME 


(brady - tachycardia) 


THE APPLICATION OF RATE 
PROGRAMMING IN 
BRADY-TACHYCARDIA (SICK 
SINUS SYNDROME). 


After the physician has determined 

that artificial heart pacemaking is the 
treatment of choice for the patient 

with brady-tachycardia, he may 
contemplate application of a 
rate-programmable pacemaker to treat 
this disease. 


Because brady-tachycardia may be a 
progressive disease, it is often 
appropriate to implant a 
rate-programmable pacemaker. 


For example, in the earty stages of the 
disorder, the patient may require pacing 
for just a few seconds a month when 
the intrinsic rate drops below a rate 
which the physician has determined 
provides adequate cardiac output. In 
such a situation, the pacemaker is set 
at a low rate (i.e., 50 or 60 ppm) to 
provide an underlying safe rhythm, but 
which allows the patient the benefit of 
his normal atrial ventricular contraction 
sequence. 


Sick sinus syndrome at times is a 
progressive disorder which may result in 
a slowing of the patient's normal sinus 
rhythm. This slowing may be gradual or 
sudden. Frequently, it is accompanied 
by atendencytowards amore unreliable 
rhythm. The patient, thus, increases his 
or her reliance on the pacemaker for 
adequate heart rate. 


Rate programming at increasingly 
higher rates may help maintain cardiac 
output at adequate levels when the 
pacemaker is needed to provide 
the dominant rhythm. An increase 
in pacemaker rate may also be 
needed to prevent the 
emergence of a less suitable 
tachyamhythmia. 4 





VALVULAR 
HEART 
DISEASE 


THE APPLICATION OF RATE 
PROGRAMMABLE PULSE 
GENERATORS IN VALVULAR 
HEART DISEASE 


The clinical course for pacemaker 
patients with valvular heart disease is 
complex and unpredictable. 


Many of these patients require a 
pacemaker prior to operation for their 
valve lesion. 


The patient with aortic stenosis may 
need to have his rate adjusted to a slow 
level to allow for complete emptying 

of the ventricle. Too fast a rate increases 
ventricular pressure and restricts the 
flow of blood from the coronary arteries 
to the endocardium, resulting in 
subendocardial ischemia. There is some 
evidence that pacing at typical fixed 
pacemaker rates may actually cause 
patients with aortic stenosis to lose 
cardiac output and have decreased 
perfusion pressure, 


On the other hand, the patient with 
aortic insufficiency has regurgitation 
backwards into the ventricle. A slow rate 
allows more blood to flow backwards, 
increasing volume and ventricular 
pressure. This also restricts blood flow 
from the coronary arteries to the 
endocardium, again resulting in 
subendocardial ischemia. A faster 
paced rate may help control the 
condition. Of course, the best rate for 

, perfusing the endocardium for either 
condition varies considerably between 
"patients. 


Rate requirements will probably change 
a great deal when a prosthetic valve 
replacement is made. 


lypically, any patient with valvular heart 
disease who requires a pacemaker 
could benefit from the flexibility a 

' rate-programmable pacemaker offers 
in this complex, unpredictable disorder. 


IMPROVE 
HEMO- 
DYNAMICS 


CHANGING RATE TO 
ENHANCE THE METABOLIC 
STATE THROUGH IMPROVED 
HEMODYNAMICS 


Conditions of disease, or certain 
medical treatments, can affect a 
patients metabolic requirements. 
Pacemaker patients are, because of 
their age and underlying heart disease, 
prone to various medical problems, 
including myocardial infarction, angina 
and congestive heart failure. 


By having the ability to alter the 
diseased or ill patients heart rate, the 
physician can optimize the rate for 
maximum cardiac output and organ 
perfusion without affecting (or with minor 
effects) on myocardial oxygen uptake. 
Also, in some MI patients a rate can be 
found which produces increased 
cardiac output with decreased left 
ventricular filling pressure. Rate changes 
may also affect and improve a 
patient's mental state and enhance the 
ability to perform even mild exercise. 
When a pacemaker is implanted, the 
patient is ill (i.e. bed-ridden). An 
adequate rate under those conditions 
may not be adequate when the patient 
is up and about. 





USE OF RATE PROGRAMMABLE 
PACEMAKERS TO CONTROL 
VENTRICULAR ARRHYTHMIAS 


Ectopic ventricular activity can be 
suppressed by permanent pacing. 
However, the slowest paced rate at 
which ventricular arrhythmias will be 
controlled is unpredictable, and 
changeable. It is not unusual for the rate 
at which PVC's occur to change as the 
patient's underlying heart disease 
progresses. 


Pacing in the presence of PVC’s often 
involves considerable adjusting of rate 
as the physician determines the paced 
rate which will be just slightly higher than 
the rate at which the ectopic foci 
discharge. This rate may involve a 
compromise, for an optimal rate for 
achieving maximal cardiac output may 
not coincide with the best rate for 
suppressing ectopic activity. Indeed 
some pacemaker rates tend to excite 
reentry pathways causing the 
extra-systole. 


For these reasons, having the opportunity 
to change rate can assist the physician 
in amhythmia control. 
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'"MEDTRONIC'S XYREL -VP 
PACING SYSTEM 


Offering you simplicity, ease of operation, 
and seven pacing rates plus one 
diagnostic rate for patient safety. 


The Xyrel®- VP. s as easy to program as 
4, 2. 3. 


4. Set the desired pacing rate. 


2. Position the programmer over the 
pacemaker. 


3. Press and release the program 
activate button? 


Constant Energy — A programmed pulse 
width increase as battery voltage 
declines provides for constant 
pacemaker energy output throughout 
its effective service life. 


Constant Rate— Xyrel^- VP pacemaker 
rate stays at the rate at which you 
programmed it. It wont decrease as 
battery voltage slowly drops. However, 
once voltage declines to the point at 


MEDTRONIC HAS COMPILED 
MORE COMPLETE 
INFORMATION ON THE 
APPLICATIONS 

OF RATE 
PROGRAMMABILITY 
TO PACEMAKER 
PATIENTS 


If you would like a copy of 
Medtronic’s information guide 
on the applications of rate 
programmability where 
permanent ventricular 
pacing is indicated, 
please send 
in the 
coupon 
below. 


Mail To: Medtronic, Inc., 3055 Old Highway Eight, P.O. Box1453 


Minneapolis, MN 55440 USA 


Og | would like more information on the applications of rate programmability. 
O I would like more information on the Medtronic Xyrel *. VP programmable 


pacing system. 
[] Please have a representative call. 


Name 





TO a nnn 


State 


Ch UMDNNENESLME LE 


Specialty 


which the pacemaker should be 
replaced, an easily detected rate 
decrease occurs over one to six months 
(typically). There are many other 
performance and safety features that 
are part of every Xyrel*- VP pulse 
generator. 


*To avoid inadvertent programming 
to the 30 ppm rate, an additional step 
is necessary when this rate is desired. 


Send in the coupon for details. Or see 
your local Medtronic representative. 
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MEDTRONIC IMPLANTABLE PULSE GENERATORS 


INTENDED USES Ventricular pacing using an implantable 
ventricular pulse generator is for long-term therapeutic control 
othear rate in patients with impulse formation or conduction 
disorders leading to bradyarmhythmias, tachyamhythmias and 
heart block (see product labeling for detailed list of 
intended uses). 

CONTRAINDICATIONS There are no known contra- 
indications to the use of pacing as a therapeutic modality for 
the control of heart rate. The patient's age and medical 
condition, however, may dictate the particular pacing systems 
and implantation procedure used by the physician. 

WARNINGS  Diathermy should not be used on patients with 
pacemakers because of possible heat damage to electronic 
components. Electrosurgical units should never be used 
in the vicinity of unipolar pulse generators or bipolar pulse 
generators implanted in the unipolar mode because of 
danger of introducing fibrillatory currents into the heart via the 
implanted pulse generator /leod Pulse generators may 
be damaged by defibrillatory discharges if the paddles are 
placed over the implanted pulse generator. 

PRECAUTIONS The physician should be aware that all 
pulse generators will ultimately cease to function, and may fail 
at any time due to random component or battery failures 
which cannot be predicted prior to failure. Also, that the pacing 
system may cease to function at any time due to lead- 
related problems such as displacement. fracture, fibrotic tissue 
formation, and elevated thresholds. and that proper operation 
may be affected by electrical interference from equipment 
using electrical energy, Or medical complications. 

SIDE EFFECTS Body rejection phenomena, including local 
tissue reaction, muscle and nerve stimulation. infection, erosion 
of pulse generator/lead through skin, transvenous lead- 
related thrombosis, embolism and cardiac tamponade 
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Medtronic. 


Helping You 
Help The Pacemaker Patie 


The new generation 
beta blocker 
for hypertension 


New 


Lopressor’ 


metoprolol tartrate 





New ] 
Lopressor 


metoprolol tartrate 


Adds a measure 

of selectivity 

to other 

beta-blocker 
advantages id 
in treating 
hypertension 





Decreases blood pressure with less potential 
for bronchospasm 


Lopressor, a relatively selective beta blocker, 
is an effective and well-tolerated antihypertensive. 


Lopressor exerts a preferential effect on the beta 
receptors involved in lowering blood pressure 
and has less effect on beta receptors not involved 
in blood pressure control. 


It concentrates its action on beta receptors in the 
heart (8,) and leaves beta receptors in the lungs 
(B;) relatively unblocked. 


WARNING: PATIENTS WITH BRONCHOSPASTIC 
DISEASE SHOULD, IN GENERAL, NOT RECEIVE 
BETA BLOCKERS. However, Lopressor may be 
prescribed with caution for hypertensives with 
asthma or COPD who do not respond to, or cannot 
tolerate, other antihypertensive therapy. Since B, 
selectivity is not absolute and diminishes with 
increased dosage, a 8;-stimulating agent should 
be administered concomitantly, and the lowest 
possible dose of metoprolol should be used. It 
may be prudent initially to administer metoprolol 
in three doses daily, instead of two, to avoid the 
higher plasma levels associated with the longer 
dosing interval. 


Logical complement to a diuretic 


The effectiveness of Lopressor combined with a 
diuretic was demonstrated in a study* of 15 
hypertensive patients whose blood pressure was 
reduced on a thiazide alone, and still further 
reduced when metoprolol was added to the 
regimen. Ona regimen of 100 mg hydrochloro- 
thiazide daily, the maximal response was a mean 
supine blood pressure reduction of 19/10 mmHg 
—from a placebo-treatment baseline level of e 
169/115 mmHg. Following four weeks during 
which metoprolol 50 mg b.i.d. was added to the 
regimen, there was a further decrease of i 
17/13 mmHg. 


Mild, transient side effects 


Most side effects are mild and transient. The most 
frequently reported adverse reactions (which 


* Mitenko P, McKenzie J: Unpublished study. Data on file, 


Geigy Pharmaceuticals and available on request. 


Usually lacks 
the side-effect 
problems of 

the sympathetic 
inhibitors 


occurred in approximately ten out of 100 patients) 
are tiredness and dizziness. Depression and 
diarrhea have occurred in about five out of 100. 


Lopressor usually lacks the side effects of the 
sympathetic inhibitors which may cause sedation, 
sexual dysfunction and postural hypotension. 


Lopressor is contraindicated in sinus bradycardia 
heart block greater than first degree, cardiogenic 
shock, and overt cardiac failure. 


There have been reports of exacerbations of 
angina pectoris and, in some cases, myocardial 
infarction following abrupt cessation with other 
beta blockers. Even in the absence of overt angina 
pectoris, when discontinuing therapy, withdraw 
Lopressor slowly. 


Simple b.i.d. dosage 


Patient adherence to the regimen is likely with 
Lopressor because of its easy-to-remember b.i.d. 
dosage schedule. The usual starting dosage is 
one 50-mg tablet twice a day. The usual 
maintenance dosage is one 100-mg tablet twice 
a day. 


Usual Starting Usual Maintenance 
Dosage Dosage 





50 mg b.i.d. 100 mg b.i.d. 


While twice-daily dosing is effective and can 
"aintain a reduction in blood pressure throughout 
he day, some patients, especially when lower 
Josages are used, will experience a modest rise 

n blood pressure toward the end of the 12-hour 
Josing interval. This can be evaluated by measur- 
ng blood pressure near the end of the dosing 
nterval to determine whether satisfactory control 
s being maintained throughout the day. If control 
iS not adequate, a larger dose, or three times daily 
herapy, may achieve better control. For further 
Jetails, please see brief summary of prescribing 
nformation. 


y 





Extensive experience worldwide 


Over 240,000 patients have been treated with 
metoprolol in 21 different countries. 


Please see last page for brief summary of prescribing information. 


— The relatively selective beta blocker 


Geigy 


for hypertension-with simple bid. dosage 


Lopressor™ 
brand of 
metoprolol tartrate 


An antihypertensive 
beta-blocking agent 


Indications Lopressor, brand of metoprolol tartrate, is 
indicated in the management of hypertension. It may be 
used alone or in combination with other antihyperten- 
sive agents, especially thiazide-type diuretics. 


Contraindications Lopressor, brand of metoprolo! tar- 
trate, is contraindicated in sinus bradycardia, heart 
block greater than first degree, cardiogenic shock, and 
overt cardiac failure (see Warnings). 


Warnings Cardiac Failure: Sympathetic stimulation is 
a vital component supporting circulatory function in 
congestive heart failure, and beta blockade carries the 
potential hazard of further depressing myocardial con- 
tractility and precipitating more severe failure. In hyper- 
tensive patients who have congestive heart failure con- 
trolled by digitalis and diuretics, Lopressor, brand of 
metoprolol tartrate, should be administered cautiously. 
Both digitalis and metoprolol slow AV conduction. 


In Patients Without a History of Cardiac Failure con- 
tinued depression of the myocardium with beta-blocking 
agents over a period of time can, in some cases, lead to 
cardiac failure. At the first sign or symptom of impending 
cardiac failure, patients should be fully digitalized and/or 
be given a diuretic, and the response observed closely. 
If cardiac failure continues, despite adequate digitaliza- 
tion and diuretic, Lopressor, brand of metoprolol tartrate, 
therapy should be withdrawn. 


Ischemic Heart Disease: Foliowing abrupt cessation of 
therapy with certain beta-blocking agents, exacerba- 
tions of angina pectoris and, in some cases, myocardial 
infarction have been reported. Even in the absence of 
overt angina pectoris, when discontinuing therapy. 
Lopressor, brand of metoprolol tartrate, should not be 
withdrawn abruptly, and patients should be cautioned 
against interruption of therapy without the physician s 
advice. 


Bronchospastic Diseases: PATIENTS WITH BRON- 
CHOSPASTIC DISEASES SHOULD IN GENERAL 
NOT RECEIVE BETA BLOCKERS. Because of its 
relative beta, selectivity, however, Lopressor, brand 
of metoprolol tartrate, may be used with caution in 
patients with bronchospastic disease who do not 
respond to, or cannot tolerate, other antihyperten- 
sive treatment. Since beta, selectivity is not abso- 
lute, a beta, -stimulating agent should be adminis- 
tered concomitantly and the lowest possible dose 
of metoprolol should be used. It may be prudent 
initially to administer metoprolol in three doses 
daily, instead of two, to avoid the higher plasma 
levels associated with the longer dosing interval. 
(See Dosage and Administration.) 


Major Surgery: The necessity or desirability of with- 
drawal of beta-blocking therapy prior to major surgery is 
controversial. It should be noted, however, that the im- 
paired ability of the heart to respond to reflex adrenergic 
stimuli may augment the risks cf general anesthesia 
and surgical procedures. 


Metoprolol, like other beta blockers, is a competitive 
inhibitor of beta-receptor agonists and its effects can be 
reversed by administration of such agents, e.g., 
dobutamine or isoproterenol. However, such patients 
may be subject to protracted severe hypotension. Diffi- 
culty in restarting and maintaining the heart beat has 
also been reported with beta blockers. 


Diabetes Mellitus: Beta-adrenergic blockade may 
mask symptoms of hypoglycemia (e.g., tachycardia) 
and may potentiate insulin-induced hypoglycemia. 
Lopressor, brand of metoprolol tartrate, should therefore 
be used with caution in diabetic patients, especially 
those with labile diabetes. 


Thyrotoxicosis: Beta-adrenergic blockade may mask 


certain clinical signs (e.g., tachycardia) of hyper- 
thyroidism. Patients suspected of developing 
thyrotoxicosis should be managed carefully to avoid 
abrupt withdrawal of beta blockade which might precipi- 
tate a thyroid storm. 


Precautions /mpairec Hepatic or Renal Function: 
The drug should be used with caution in patients with 
impaired hepatic or renal function. 


Drug Interactions: Catecholamine-depleting drugs 
(e.g., reserpine) may Fave an additive effect when given 
with beta-blocking agents. Patients treated with 
Lopressor, brand of metoprolol tartrate, plus a 
catecholamine depletor should therefore be closely ob- 
served for evidence of hypotension and/or marked 
bradycardia which may produce vertigo, syncope, or 
postural hypotension. 


Long-Term Animal Studies: Long-term studies in anı- 
mals have been conducted to evaluate toxic effects and 
carcinogenic potential. |n a one-year study in dogs, 
there was no evidence ot drug-induced toxicity at or 
below oral doses of 105 mg/kg per day. Two-year studies 
in rats at three oral dosage levels of up to 800 mg/kg per 
day did not indicate an increase in the development of 
spontaneously occurring benign or malignant neo- 
plasms of any type. The only histologic changes which 
appeared to be drug-related were an increased inci- 
dence of generally mild focal accumulation of foamy 
macrophages in pulmonary alveoli and a slight increase 
in biliary hyperplasia. Neither finding represents symp- 
toms of a known disease entity in man. In a 21-month 
study in mice at three oral dose levels of up to 750 
mg/kg per day. benign lung tumors (small adenomas) 
occurred more frequentiy in female mice receiving the 
highest dose than in untreated control animals. There 
was no increase in malignant lung tumors or total (be- 
nign plus malignant) lung tumors. The overall incidence 
of tumors or malignant tumors was also unaffected by 
metoprolol administration 


Usage in Pregnancy: Reproduction studies in animals 
did not reveal any evidence of impaired fertility or of 
teratogenic potential. There was evidence in the rat of 
increased postimplantation loss and decreased 
neonatal survival (threshold between 50 and 500 mg 
kg). Distribution studies inr mice confirm exposure of the 
fetus when metoprolol is administered to the pregnant 
animal. There are no well-controlled studies in pregnant 
women. Lopressor, brand of metoprolol tartrate, should 
be used in pregnant women only when clearly needed. 


Nursing Mothers: It is not known whether this drug iS 
excreted in human milk. Since most drugs are excreted 
in human milk, nursing should not be undertaken by 
mothers receiving metoprolol. 


Usage in Children: Safety and effectiveness in children 
have not been established 


Adverse Reactions Most adverse effects have been 
mild and transient. 


Central Nervous System: Tiredness and dizziness 
have occurred in about 1C of 100 patients. Depression 
was reported in about 5 of 100 patients. Headache, 
nightmares, and insomnie have also been reported but 
drug relationship is not clear. 


Cardiovascular: Shortness of breath and bradycardia 
have occurred in approximately 3 of 100 patients. Cold 
extremities, Raynaud's disease, palpitations and con- 
gestive heart failure have deen reported. See Con- 
traindications, Warnings. and Precautions. 


Respiratory: Wheezing (bronchospasm) has been re- 
ported in less than 1 of 10C patients. See Warnings. 


Gastrointestinal: Diarrhea has occurred in about 5 of 
100 patients. Nausea, gastric pain, constipation, flatu- 
lence, and heartburn have been reported in 1 of 100 or 
less. 


Allergic: Pruritus has occurred in less than 1 of 100 
patients. 


Miscellaneous: Peyronie's disease has been reported S 


‘in less than 1 of 100,000 patients. - 


The oculomucocutaneous syndrome associated with 
the beta blocker practolol has not been reported with 
Lopressor, brand of metoprolol tartrate, during investiga- 
tional use and foreign marketing experience. 


Potential Adverse Effects: |n addition, a variety of ad- 
verse effects not listed above have been reported with 
other beta-adrenergic blocking agents, and should be 
considered potential adverse effects of metoprolol. 


Central Nervous System: Reversible mental depression 
progressing to catatonia; visual disturbances; hallucina- 
tions; an acute reversible syndrome characterized by 
disorientation for time and place, short-term memory 
‘oss, emotional lability, slightly clouded sensorium, and 
decreased performance on neuropsychometrics. 


Cardiovascular: Intensification of AV block (see Con- 
traindications). 


Hematologic: Agranulocytosis, nonthrombocytopenic 
purpura, thrombocytopenic purpura. 


Allergic: Erythematous rash, fever combined with ach- 
ing and sore throat. laryngospasm and respiratory 
distress. 


Miscellaneous: Reversible alopecia. 


Clinical Laboratory Test Findings: Elevated blood urea 
levels in patients with severe heart disease, elevated 
serum transaminase, alkaline phosphatase, lactate 
dehydrogenase. 


Dosage and Administration Dosage of Lopressor. 
brand of metoprolol tartrate, should be individualized. 
The usual initial dose is 50 mg twice daily whether used 
alone or added to a diuretic. The dosage may be in- 
creased at weekly (or longer) intervals until optimum 
biood pressure reduction is achieved. In general. the 
maximum effect of any given dosage level will be ap- 
parent after one week of therapy. Usual maintenance 
dosage is approximately 100 mg twice a day. with a 
range of 100 to 450 mg per day. Dosages above 450 mg 
per day have not been studied. While twice-daily dosing 
is effective and can maintain a reduction in blood pres- 
sure throughout the day. some patients. especially wher 
lower dosages are used, will experience a modest rise 
in blood pressure toward the end of the 12-hour dosing 
interval. This can be evaluated by measuring blood 
pressure near the end of the dosing interval to deter- 
mine whether satisfactory control is being maintained 
throughout the day. If control is not adequate, a larger 
dose, or three times daily therapy, may achieve better 
cantrol. Beta, selectivity diminishes as dosage of 
Lapressor. brand of metoprolol tartrate, is increased. 


This drug should be stored at controlled room tempera- 
ture and protected from moisture. 


How Supplied Tablets of 50 mg (capsule-shaped. 
scored, light red, film-coated) and 100 mg (capsule* 
shaped. scored, light blue, film-coated) are supplieg in 
bottles of 100 and 1,000 and Unit Dose Packages of 10C 


Store at controlled room temperature and protect from 
maisture. 667290 (8/78) C78-3t 


Before prescribing or administering, please consul 
complete product information. 


Manufactured by: 
CIBA-GEIGY Canada Ltd. 
Dorval. P.Q. Canada H9S1B1 


Distributed by: 

GEIGY Pharmaceuticals 
Division of CIBA-GEIG Y 
Corporation 

Ardsley, New York 1050: 
326-81306 


Printed in U.S.A (8/78) 
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There are limited reported data regarding the occurrence of retrograde 
block during dual pathway atrioventricular (A-V) nodal reentrant parox- 
ysmal tachycardia. This study describes two patients with this phenom- 
enon. The first patient had 2:1 and type 1 retrograde ventriculoatrial block 
during the common variety of A-V nodal reentrance (slow pathway for 
anterograde and fast pathway for retrograde conduction). Fractionated 
atrial electrograms suggested that the site of block was within the atria. 
The second patient had type 1 retrograde block (between the A-V node 
and the low septal right atrium) during the unusual variety of A-V nodal 
reentrance (slow pathway for retrograde and fast pathway for anterograde 
conduction). The abolition of retrograde block by atropine suggested that 
the site of block was within A-V nodal tissue. Both cases demonstrate that 
intact retrograde conduction is not necessary for the continuation of A-V 
nodal reentrant paroxysymal tachycardia. Case 2 supports the hypothesis 
that the atria are not a requisite part of the A-V nodal reentrant path- 
way. 


Whether the atria are necessary for the occurrence of atrioventricular 
(A-V) nodal reentrance in man has remained controversial.» The ob- 
servation of spontaneous failure of retrograde conduction during A-V 
nodal reentrant paroxysmal tachycardia has been cited as evidence that 
the atria are not a requisite part of the reentrant pathway. However, 
there have been only two cases reported in which intracardiac electrode 
studies suggested such a phenomenon.?? In neither was the mechanism 
of the tachycardia clearly documented or the site of retrograde block 
delineated. Therefore, there is a possibility that the site of block was 
intraatrial. 

In this study, we describe two patients who had second degree retro- 
grade block during electrophysiologically demonstrated dual pathway 
A-V nodal reentrant paroxysmal tachycardia. In one patient the site of 
block was intraatrial, in the other it was probably A-V nodal. The elec- 
trophysiologic and clinical implications of these findings are dis- 
cussed. 


Methods 


Electrophysiologic studies: Electrophysiologic studies were performed with 
the patients in the nonsedated state after cardiac medications had been dis- 
continued for at least 72 hours. Informed written consent was obtained before 
study. In both patients, a quadripolar electrode catheter was passed percuta- 
neously and advanced across the tricuspid valve for His bundle recording and 


ventricular pacing.® In Patient 1, a hexapolar catheter was also advanced to the © 


coronary sinus from an antecubital vein. The distal two electrodes (tip) were 
used to record left atrial electrograms, the middle two electrodes were used to 
stimulate the high right atrium and the proximal two electrodes were used to 
record high right atrial electrograms. In Patient 2, a second quadripolar catheter 
was advanced to the high right atrium from an antecubital vein. The distal two 
electrodes were used for atrial pacing and the proximal two electrodes were used 
to record high right atrial electrograms. 
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FIGURE 1. Patient 1. Recordings' showing responses to atrial extra- 
stimuli before procainamide. Shown are electrocardiographic leads |, 
Il, IIl and V4, as well as high right atrial (HRA), distal coronary sinus (DCS) 
and His bundle (HBE) electrograms. A, and H; are atrial and His bundle 


à | 
i 


. responses to driving stimuli (S4), A2 and Ho are the corresponding re- 
sponses to the test stimuli (82). A, designates atrial echoes during A-V 


nodal reentrant paroxysmal tachycardia. Time lines are at 1 second 
intervals and the paper speed is 100 mm/sec in this and subsequent 


illustrations. A4-A» and H,4-H; intervals are listed at the top and A ,-H, 


and A;-H; intervals at the bottom of each panel. In panel A, at an A;-A» 
coupling interval of 260 msec, the A2-H3 interval was 120 msec, and 
no atrial echoes resulted. In panel B, at an A;-A> coupling interval of 
250 msec, the A;-H; interval was 315 msec, and sustained A-V nodal 
reentrant paroxysmal tachycardia, with a cycle length (CL) of 320 msec, 
resulted. 


In both patients multiple electrocardiographic leads and 


-intracardiac electrograms were recorded on a multichannel 
— oscilloscopic recorder (Electronics for Medicine DR-16) at 


paper speeds of 100 and 200 mm/sec. Electrical stimuli were 
provided by a programmable digital stimulator (manufactured 
by M. Bloom, Narberth, Pennsylvania) and were approxi- 


 mately twice diastolic threshold and 2 msec in duration. 


Anterograde and retrograde conduction were evaluated 
in both patients with incremental pacing and extrastimulus 
techniques.^? In Patient 1, the quadripolar catheter was re- 
moved after the initial study. The hexapolar catheter was 
repositioned (with the distal two electrodes in the right ven- 


tricular apex and the proximal four electrodes in the high right 
atrium) and secured in place. The patient was restudied on 


a subsequent day after receiving oral procainamide, 3 g daily. 
Patient 2 was restudied immediately after administration of 


atropine sulfate, 1 mg intravenously. 


Definitions: HRA;, A;, DCS;, Hı and V; were, respectively, 
the high right atrial, low septal right atrial, distal coronary 
sinus (left atrial), His bundle and ventricular responses to 
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driven stimuli (S1). HRA», Av, DCS2, Hə and Vs were the high 
right atrial, low septal right atrial, left atrial, His bundle and 
ventricular responses to the extrastimulus (S2). Similar sub- 
scripts were employed to designate the responses to a second 
extrastimulus (S3). HRA,, Ae, DCS,, He and V, were the high 
right atrial, low septal right atrial, left atrial, His bundle and 
ventricular electrograms of single echo beats and also repet- 
itive beats during paroxysmal supraventricular tachycar- 
dia. 

Conduction intervals, refractory periods, anterograde echo 
zones and critical A-H intervals (for atrial echo and supra- 
ventricular tachycardia induction) were measured and defined 
as previously described.9-!? Retrograde echo zones and critical 
ventriculoatrial (V-A) intervals (for ventricular echo and su- 
praventricular tachycardia induction) were also measured as 
previously described.!?i4 Anterograde dual A-V nodal path- 
ways were demonstrated when discontinuous À,-A5, H;-He 
curves were generated with atrial extrastimulus testing at any 
driven cycle length.!? Similarly, retrograde dual A-V nodal 
pathways were demonstrated when discontinuous V;-V5, 


A-A curves were generated with ventricular extrastimulus. 


testing.!? Effective refractory periods of anterograde and 
retrograde fast and slow A-V nodal pathways were measured 
and defined as previously described.!?? A-V nodal reentrant 
paroxysmal tachycardia was diagnosed when previously re- 
ported diagnostic criteria were met.!? 


Results 
Patient 1 


The patient was a 52 year old woman with angiographically 
documented mitral valve prolapse and a 22 year history of 
recurrent paroxysmal supraventricular tachycardia. Elec- 
trocardiograms during sinus rhythm revealed only nonspecifc 
S-T and T wave changes. Paroxysmal supraventricular 
tachycardia occurred at rates of approximately 190 beats/min 
and was characterized by a right bundle branch block pattern 
and no visible P waves in the surface electrocardiograms. 

His bundle recordings during sinus rhythm revealed normal 
P-A, A-H and H-V intervals (38, 52 and 32 msec, respectively) 
with normal QRS configuration. With incremental atrial 
pacing, right bundle branch block was noted at paced rates 
of 120 or more beats/min. As paced rates were increased from 
100 to 210/min, A-V conduction remained intact, although 
A-H intervals gradually increased from 60 to 210 msec. At an 
atrial paced rate of 220/min, the A-H interval suddenly pro- 
longed to 340 msec (suggesting failure of a fast A-V nodal 
pathway), and supraventricular tachycardia was induced. 

Atrial extrastimulus studies at a driven cycle length of 500 
msec generated a continuous A;-As, H1-Ho curve with A-V 
nodal conduction limited only by an atrial functional refrac- 
tory period of 250 msec. The maximal As-H; interval achieved 
was 190 msec, and no A-V nodal reentrant atrial echoes were 
observed. When the driven cycle length was reduced to 350 
msec, a discontinuous A-A, H,-H» curve was generated be- 


cause of a sudden jump in the Ao-Hp interval at an A;-Ao 


coupling interval of 250 msec (Fig. 1). The effective refractory 
period of the fast pathway was thus 250 msec, whereas con- 
duction in the slow pathway was limited only by an atrial 
functional refractory period of 240 msec. The demonstration 
of a discontinuous curve only at the shorter driven cycle length 
reflected a decrease in the atrial functional refractory period. 
Induction of supraventricular tachycardia coincided with 
anterograde failure of the fast pathway (Fig. 1). 

With incremental ventricular pacing, intact V-A conduc- 
tion was present at paced rates as fast as 190 beats/min. 


However, at a paced rate of 200/min, V-A Wenckebach peri- ' 
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FIGURE 2. Patient 1. Recordings after 
procainamide, demonstrating intraatrial 
block during paroxysmal supraventricular 
tachycardia. A temporary catheter is now 
in place, with its tip anchored in the right 
ventricular apex. In each panel, a high right 
atrial electrogram is recorded (note the 
absence of ventricular electrical activity 
during the first two conducted QRS com- 
plexes in panel A). In panel A, S4, S; and 
S; designate driving stimuli, the first test 
stimulus and the second test stimulus, re- B 
spectively. The driving cycle length, S;-S2 
interval and So-S3 interval are listed at the 
top of the panel. When S3 was conducted 
to the ventricles with a long delay (slow 
pathway), sustained A-V nodal reentrant 
paroxysmal tachycardia resulted. The cycle 
length of the tachycardia was 355 msec. 
During the tachycardia, atrial electrograms 
and QRS complexes were simultaneous. 
Panel B shows continuous recordings 
during induced supraventricular tachycar- 
dia. The high right atrial deflections first 
widened and then split into two fractions. 
The first fraction remained simultaneous 
with each QRS complex; the second frac- 
tion was progressively delayed, terminating 
in block (denoted by asterisk). As the 
tachycardia continued, only a part of the 
high atrial deflection occurred with every 
other QRS complex (denoted by asterisks). 
Abbreviations as in Figure 1. 
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odicity was noted. Ventricular extrastimulus studies at a 
driven cycle length of 500 msec generated a continuous V1-V9, 
À1-À» curve. The effective refractory period of the V-A con- 
duction system was 255 msec, and no ventricular echoes were 
observed. 

The cycle length of the induced supraventricular tachy- 
cardia ranged from 295 to 330 msec (mean 325). During su- 
praventricular tachycardia, all QRS complexes were con- 
ducted with a right bundle branch block pattern, and atrial 
electrograms occurred simultaneously with the QRS com- 
plexes (Fig. 1B). 

When the patient was restudied after oral administration 
of procainamide, the same sustained supraventricular 
tachycardia could be induced with atrial extrastimuli only 
when sufficient A-V conduction delay was achieved (Fig. 2A). 
The mean cycle length of the tachycardia was 355 msec, and 
high right atrial electrograms again occurred simultaneously 
with QRS complexes. However, during this supraventricular 
tachycardia, type I second degree block and 2:1 block occurred 
between fractions of high right atrial electrograms without 
terminating the induced rhythm (Fig. 2B). 

Comment: A-V nodal reentrant paroxysmal tachy- 
cardia of the common variety (utilizing anterograde slow 
and retrograde fast pathway conduction) was diagnosed 
in this patient on the basis of several factors: (1) In- 
duction of supraventricular tachycardia related to 
achievement of a critical A-H delay during both incre- 
mental atrial pacing and atrial extrastimulus testing.!! 
(2) Demonstration of a discontinuous A;-A»s, H,-Ho 
` curve, suggesting the presence of anterograde dual A-V 
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nodal pathways, with induction of supraventricular 4 
tachycardia relating to anterograde block in the fast — — 
pathway.!? (3) Atrial activation (high right, low right — . 


and coronary sinus) occurring simultaneously with the 


onset of ventricular activation during induced supra- — — 


ventricular tachycardia.!»!6 This latter observation 


suggested that multiple atrial sites were not part of the - z Ps 


reentrant circuit. 


During the study after administration of procain- — - 
amide, the atrial electrodes were fluoroscopically lo- | 
cated in the high right atrium and did not record ven- 
tricular electrical activity to any significiant degree. V-A 
conduction was intact during induced supraventricular — . 


tachycardia, as indicated by the simultaneous recording 


of an atrial electrogram with each QRS complex. How- — 
ever, another segment of atrial tissue in proximity tothe 

electrodes must have been located beyond asite of ret- — 
rograde conduction delay (type I second degree and 29:1 . 


block). The site of retrograde block was presumably 


intraatrial, and probably was located within the re- P 


cording area of the high right atrial electrodes. It is also 


possible that the block occurred at a more distal sitein — | 
the atria (but manifested itself as a delay in a portion | 
of the high right atrial electrogram). It is clear that the ~ 
site of conduction delay was proximal to the reentrant 
circuit because neither type I second degree nor 2:1- 


retrograde block terminated the induced supraven- 
tricular tachycardia. 
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.. FIGURE 3. Patient 2. Top, recordings showing induction of supraventricular tachycardia with a ventricular extrastimulus before atropine. V4 and A, 


are ventricular and atrial responses to driving stimuli (S4); V2 and A? are the corresponding responses to the test stimulus (So). He and A, are, re- 
spectively, His bundle and atrial depolarizations during A-V nodal reentrant paroxysmal tachycardia. V ;- V» and A4-A; intervals are listed at the 
top and V4-A, and V>-Az intervals at the bottom of the panel. At a V4-V» coupling interval of 450 msec, V2-A2 was 400 msec, A4-A2 was 645 msec, 
and supraventricular tachycardia was induced. The mean cycle length (CL) of the tachycardia was 515 msec, and each QRS complex had a left 
bundle branch block configuration identical to that of conducted beats during sinus rhythm and atrial pacing. During paroxysmal supraventricular 
tachycardia there was 3:2 conduction between QRS complexes and atrial electregrams. Bottom, diagram of the presumed mechanisms of tachycardia 
and retrograde block. The steps of the ladder represent high right atrial (HRA), A-V nodal (AVN) and His bundle (HB) conduction. The dashed horizontal 


- line represents the proximal common pathway, which was located within the A-V node (see text for discussion). The solid and dashed diagonal 


lines within the lower part of the A-V nodal level represent fast and slow A-V nodal pathways, respectively. HBE — His bundle electrogram. 


Patient 2 
The patient was a 64 year old man with hypertensive heart 


disease and recurrent dizziness and palpitations. Electro- 


cardiograms revealed first degree A-V block (P-R interval, 


à 0.26 second) and atypical left bundle branch block (S wave in 
- lead Vj). 


His bundle recordings during sinus rhythm with left bundle 


. branch block revealed normal P-A and A-H intevals (42 and 


89 msec, respectively) and a prolonged H-V interval (105 msec 


— [normal 31 to 55]). With incremental atrial pacing, type I 
- second degree A-V block occurred proximal to the His bundle 
-~ potential at a paced rate of 140 beats/min. Atrial extrastimulus 
- studies at a driven cycle length of 600 msec revealed a dis- 
continuous À;-A», H;-H» curve due to a sudden jump in the 
— Ao-Hp interval at an A;-A» coupling interval of 320 msec. The 
effective refractory period of the fast pathway was 320 msec, 
_ whereas conduction on the slow pathway was limited only by 


= am atrial functional refractory period of 270 msec. Although 


A»-H; intervals as long as 335 msec were achieved with slow 


_ pathway conduction, no atrial echoes were observed. 





Incremental ventricular pacing revealed intact V-A con- 


.. duction at paced rates up to 100 beats/min. At paced rates of 
— 110/min or greater, V-A Wenckebach periods occurred, and 

a single A-V nodal reentrant ventricular echo or supraven- 
tricular tachycardia was induced whenever the last paced beat 


was conducted with a V-A interval of 345 msec or longer. 
Ventricular extrastimulus studies at a driven cycle length 


E .. of 670 msec generated a discontinuous V;-V», A1-A2 curve due 





i to a sudden jump in the H2-Ag interval at a V;-V2 coupling 


interval of 510 msec. The effective refractory period of the 


. retrograde fast pathway was 510 msec, whereas that of the 
= retrograde slow pathway was 410 msec. All beats conducted 
- by way of the slow pathway resulted in a single A-V nodal 


reentrant ventricular echo or supraventricular tachycardia 
(Fig. 3). 

All beats during induced supraventricular tachycardia 
were conducted with a left bundle branch block pattern 
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identical to that present during sinus rhythm. The cycle length 
of tachycardia ranged from 490 to 550 msec (mean 515). 
During each episode of supraventricular tachycardia there was 
3:2 retrograde conduction to the atria in a Wenckebach pat- 
tern (Fig. 3) without significant effect on the cycle length of 
tachycardia. Each episode of supraventricular tachycardia 
eventually terminated spontaneously because of block in the 
retrograde slow pathway. | 

After administration of atropine, retrograde conduction 
improved and was intact at paced rates to 170 beats/min. 
However, at a paced rate of 170/min, supraventricular 
tachycardia was induced each time the last paced beat was 
conducted with a V-A interval of 340 msec or longer (Fig. 4). 
Atropine shortened the cycle length of induced tachycardias 
to 330 msec (by shortening intra A-V nodal conduction time) 
and eliminated block in retrograde conduction during the 
tachycardias. 


Comment: A-V nodal reentrant paroxysmal tachy- 
cardia of the unusual variety (utilizing retrograde slow 
and anterograde fast pathway conduction) was diag- 
nosed in this patient on the basis of the following fac- 
tors: (1) Induction of supraventricular tachycardia re- 
lated to achievement of a critical V-A delay during both 
ventricular pacing and ventricular extrastimulus test- 
ing.1?:16 (2) Demonstration of a discontinuous V;-Vo, 
A,-Ag curve, suggesting the presence of retrograde dual 
A-V nodal pathways, with induction of supraventricular 
tachycardia relating to retrograde block in the fast 
pathway.!? (3) The presence of a normal retrograde 
atrial activation sequence during induced supraven- 
trieular tachycardia.!" 

The site of retrograde block during supraventricular 
tachycardia was between conducted QRS complexes 


and the low atrial septum (as recorded in the His bundle ` 4 


eleetrogram). It also must have been proximal to th 
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FIGURE 4. Patient 2. Recordings showing induction of supraventricular tachycardia with ventricular pacing after atropine. Ventriculoatrial (V-A) 
intervals are listed at the bottom of the panel. The first three stimuli capture the ventricles (the fourth does not) and are conducted to the atria with 
progressively long V-A intervals. The third stimulus was conducted with a V-A interval of 340 msec and resulted in supraventricular tachycardia. 
This tachycardia was characterized by a cycle length of 330 msec and a QRS configuration of left bundle branch block. There was 1:1 retrograde 
conduction to the atria. HBE = His bundle electrogram; HRA = high right atrial. 


reentrant pathway because the occurrence of block did 
not terminate the tachycardia. Furthermore, abolition 
of the block with atropine suggests that the site of ret- 
rograde block was in the A-V node or in transitional 
atrionodal tissue. 


Discussion 


Surface electrocardiograms during paroxysmal su- 
praventricular tachycardia are usually characterized by 
a P wave for each QRS complex (although frequently 
the two occur simultaneously and the P waves cannot 
be clearly identified). Exceptions have been reported, 
however, beginning with the study of Katz and Pick,!? 
who observed an episode characterized by type I second 
degree block between conducted QRS complexes and 
P waves. Pick and Langendorf!? observed A-V disso- 
ciation in a case of paroxysmal supraventricular 
tachycardia, and Zeft and McGowan?? reported on a 
patient with the same tachycardia and only one P wave 
for every two QRS complexes. Additional examples of 
block between conducted QRS complexes and P waves 
have been reported.?!-?? These cases, although lacking 
electrophysiologic documentation, probably represent 
examples of A-V nodal reentrant paroxysmal tachy- 
cardia because the presence of retrograde block elimi- 
nates atrial or sinus reentry, as well as A-V reentrance 
utilizing an extranodal pathway, as alternative possi- 
bilities.?:5 If one assumes that these reported cases are 


examples of A-V nodal reentry, they suggest that the 


bulk of atrial tissue is not a necessary part of the A-V 
nodal reentrant pathway. 

There have been only two previous reports of patients 
with spontaneous failure of retrograde conduction 
during supraventricular tachycardia in whom electro- 
physiologic studies suggested A-V nodal reentry as the 
mechanism of arrhythmia. Wu et al.? reported on a 
patient with anterograde dual A-V nodal pathways and 
A-V. dissociation during an accelerated supraventricular 


& rhythm (rate 80 beats/min), but they could not exclude 


e possibility that the rhythm was nonparoxysmal 





junctional tachycardia. More recently, Wellens et al.? 
reported on a patient with 2:1 retrograde conduction 
during induced supraventricular tachycardia, but they 
did not define in detail the mechanism of the tachy- 
cardia or document the site of retrograde block. 

Site of retrograde block during tachycardia: Our 
two patients had well documented dual pathway A-V 
nodal reentrant paroxysmal tachycardia with retrograde 
block during the tachycardia. Furthermore, in each 
patient, a site of retrograde block was suggested by in- 
tracardiac recordings. In Patient 1, type I second degree 
and 2:1 block occurred between fractions of the high 
right atrial electrogram. Thus the site of retrograde 
block in that patient was within the atria. It is likely that 
the administration of procainamide, which has been 
shown to increase atrial refractoriness, played a role in 


the development of this block.?* In Patient 2, type I 


second degree block occurred between conducted QRS 
complexes and low septal right atrial electrograms. The 
ability of atropine to abolish block in this patient, de- 
spite a considerable decrease in cycle length of parox- 
ysmal supraventricular tachycardia (from 515 to 320 
msec), strongly suggests that the site of retrograde block 
was within A-V nodal tissue.?" Although Dhingra et 
al.26:27 demonstrated that atropine may slightly de- 
crease atrial refractoriness in man, changes of the 
magnitude required to postulate reversal of intraatrial 
block in this patient have not been observed. Therefore, 
our study suggests that retrograde block during A-V 
nodal reentrant paroxysmal tachycardia may occur ei- 
ther within the atria or within the A-V node. 

Are the atria a necessary part of the reentrant 
pathway? Previously reported cases?? of spontaneous 
retrograde block between conducted QRS complexes 
and atrial electrograms during paroxysmal supraven- 
tricular tachycardia have been cited as evidence that the 
atria are not a requisite part of the reentrant pathway. 


The same conclusion was reached by Josephson and 


Kastor,! who preempted atrial depolarization during 
A-V nodal reentrant paroxysmal tachycardia by intro- 
ducing atrial extrastimuli before anticipated atrial 
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echoes. However, Zipes et al.* argued that depolariza- 
tion of a small rim of atrial tissue may not be recorded 
by routine intracardiac recording techniques and de- 
scribed two patients with apparent A-V dissociation in 
whom careful exploration of the atrial septum revealed 
that the local atrial electrograms were associated with 
conducted QRS complexes. Therefore, patients with 
retrograde block during paroxysmal supraventricular 
tachycardia might have intraatrial block (and the atria 
might still be a necessary component of the circus 
movement). Our Case 1, in which there was retrograde 
intraatrial block during A-V nodal reentrant paroxys- 
mal tachycardia, supports the hypothesis of Zipes et al. 
"Thus, the demonstration of retrograde block during A-V 
nodal reentrant paroxysmal tachycardia does not nec- 


; eerily mean that some atrial tissue is not involved in 


- the reentrant circuit. 
However, our Case 2 suggests that the atria are not 


~ always a necessary part of the reentrant pathway. This 
. patient had the unusual variety of A-V nodal reentrant 


paroxysmal tachycardia induced by ventricular pacing. 
Tachycardia of this type requires retrograde block of 
an impulse in a fast A-V nodal pathway with retrograde 
conduction over a slow A-V nodal pathway to a proximal 
common pathway. Retrograde conduction then usually 
continues from the proximal common pathway to the 
body of the atria while anterograde conduction occurs 
over the fast A-V nodal pathway to a distal common 
pathway (which is probably located in the distal part of 
the A-V node).? From the distal common pathway, the 


= impulse reenters the retrograde slow A-V nodal pathway 


as well as continuing in anterograde manner to the 
ventricles. In our Case 2 type I second degree block oc- 
curred between the proximal common pathway and the 
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low septal right atrial recording site. Because block was 
abolished by atropine, the site of block was probably 
located within the A-V node or in transitional atrionodal 
tissue. The continuation of the tachycardia despite the 
occurrence of retrograde block indicates that the 
proximal common pathway must have been at a more 
distal level of the A-V node. These data suggest that the 
atria were not a necessary part of the reentrant path- 
way. 

Clinical implications: Our observations relate to 
prediction of which patients with anterograde dual A-V 
nodal pathways will have atrial echoes or paroxysmal 
supraventricular tachycardia. Our laboratory and oth- 
ers?5?? have suggested that A-V nodal reentry can occur 
only in patients with intact retrograde conduction (as 
assessed with ventricular pacing). This study demon- 
strates that it is possible to have A-V nodal reentrance 
with retrograde block (atrial or A-V nodal) proximal to 
the site of reentrance. Thus occasional patients could 
have poor (or even absent) retrograde conduction and 
yet be capable of having A-V nodal reentrant paroxys- 
mal tachycardia. 

A final point relates to electrocardiographic differ- 
ential diagnosis. A tachycardia with wide QRS com- 
plexes could be either ventricular or supraventricular 
in origin.2° Paroxysmal wide QRS tachycardia with 
retrograde block suggests ventricular tachycardia. 
However, our Patient 1 had retrograde block during 
paroxysmal tachycardia with right bundle branch block 
(rate-dependent), whereas our Patient 2 had retrograde 
block during paroxysmal tachycardia with left bundle 
branch block (preexisting). Therefore, these patients 
demonstrate that a tachycardia of this type could be 
A-V nodal reentrant paroxysmal tachycardia. 
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In a patient with atrioventricular (A-V) block distal to the His bundie (H), 
1:1 A-V conduction with right bundle branch block and an H-V interval 
of 70 msec was established with atrial pacing at rates of 120 to 150/min, 
suggesting that the A-V block was bradycardia-dependent. Advanced 
second degree A-V block distal to the H deflection occurred with atrial 
pacing at 160/min after completion of A-V nodal Wenckebach periodicity 
proximal to the H deflection because of the long H-H encompassing the 
blocked P wave. Atrial extrastimulus testing coupled with sinus rhythm 
(with A-V block) demonstrated that critical H4-H» intervals of less than 
545 msec allowed conduction to the ventricles. The H2-V2 interval 
shortened progressively from 290 to 70 msec with shortening of these 
critical H4-H» intervals. Atrial extrastimulus testing coupled with an atrial 
driven cycle length of 500 msec (with intact A-V conduction) revealed 
block of the Hz deflection with an H,-H, interval longer than 540 
msec. 

In conclusion, at critical diastolic intervals, impulses were blocked, 
creating a state of decreased responsiveness. If a cycle length of sub- 
sequent impulses was shorter than the critical diastolic blocking interval, 
membrane responsiveness gradually improved and conduction resumed. 
If à cycle length of subsequent impulses was longer than the critical 
blocking diastolic interval, A-V block was sustained. Blocked impulses 
continually penetrated to the site of block and reset the state of membrane 
responsiveness. 


Bradycardia-dependent conduction block is an infrequently encountered 
conduction disturbance, usually reflecting dysfunction within portions 
of the His-Purkinje system (bundle branch block or His bundle 
block).!-19 Although bradycardia-dependent block is usually provoked 
by a critical slowing of sinus rates, it can also be initiated by the pause 
after a premature atrial or ventricular contraction. Despite recent in- 
terest in this subject, the physiologic mechanisms of bradycardia-de- 
pendent block remain unclear. In addition, few electrophysiologic data 
have been reported concerning bradycardia-dependent block in 
man.27-10 

In this study, we report results of extensive electrophysiologic studies 
in a patient with bradycardia-dependent atrioventricular (A-V) block 
including atrial extrastimulus testing during sinus rhythm (with A-V 
block) and during atrial driving (with intact A-V conduction). This study 
provides new observations concerning the electrophysiology of this 
conduction disturbance. 


Report of Case 


A 62 year old man was admitted for elective aortic valve replacement because 
of aortic stenosis and insufficiency. Electrocardiograms before operation revealed 
sinus rhythm with left ventricular hypertrophy. The aortic valve was successfully 


replaced with a porcine heterograft. The postoperative course was uneventfuk ‘ga 
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FIGURE 1. Recordings showing 
complete atrioventricular (A-V) I 
block with resumption of A-V con- 

duction with incremental atrial 

pacing. Shown are multiple elec- V 
trocardiographic leads (I, Il, Ill and i 
V4), high right atrial electrogram 
(HRA) and His bundle electrogram 
(HBE). A, H and V are, respectively, 
atrial, His bundle and ventricular 


responses recorded in the His HBE —À 
bundle electrogram. S represents ( 
stimulus artefact. Time lines are at | 

1 second, and paper speed is 100 B i 


mm/sec in this and subsequent il- 
lustrations. A, complete A-V block 
distal to the His bundle recording I 
site (H) with a ventricular escape 

rhythm. Sinus cycle length (CL) is I 
570 msec, and the escape rhythm 
cycle length 1,410 msec. The ven- 
tricular escape rhythm has a QRS 
configuration of right bundle branch 


block and right axis deviation, A V 
suggesting an origin in the anterior |J $ al 
left ventricle. The A-H interval is HBE 1 


110 msec. B, intermittent capture 

of ventricles with atrial pacing at a C 
cycle length of 520 msec. The first I 
QRS complex is a ventricular es- 

cape beat; the second and the third 

QRS complexes are captured. The I 
capture complexes have a pattern 

of right bundle branch block with 
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terval (270 msec and 290 msec, ^ | l r 
respectively). C, intact A-V con- ' 

duction with atrial pacing ata cycle — "RA *| 
length of 400 msec. The H-V inter- iN 
val is 70 msec. Complete A-V block 
resumes after cessation of rapid hopes e 
atrial pacing. | 


except for the development of right bundle branch block and 
transient paroxysmal atrial fibrillation. Ten days after sur- 
gery, the patient had a syncopal episode while walking. 
Electrocardiograms at that time demonstrated complete A-V 
block with a wide QRS escape rhythm. The patient was 
treated with a temporary pacemaker immediately after the 
syncopal episode and with a permanent transvenous right 
ventricular demand pacemaker the next day. Intact A-V 
conduction was demonstrated 3 days later, and he has had no 
further documented episodes of A-V block over a follow-up 
period of 8 months. 


Electrophysiologic Studies 


Electrophysiologic studies were performed during insertion 
of the permanent pacemaker. A percutaneously passed tri- 
polar electrode catheter was positioned across the tricuspid 
valve for His bundle recording.!! A second percutaneously 
passed quadripolar catheter was positioned at the high right 
atrium for recording of the high right atrial electrograms and 
right atrial stimulation. Multiple electrocardiographic leads 
and intracardiac electrograms were simultaneously recorded 
on a multichannel oscilloscopic photographic recorder 
(Electronics for Medicine DR-16, White Plains, New York) 
à «at paper speeds of 100 and 200 mm/sec. Stimuli were provided 
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mately twice the diastolic threshold and 2 msec in duration. 


A-V conduction was evaluated with incremental atrial pacing 


and atrial extrastimulus testing. Conduction intervals and * 
refractory periods were measured and defined as previously — . 


described.!? 


There was complete A-V block during sinus rhythm with — - 
an idioventricular escape rhythm showing a pattern of right — — 
bundle branch block and right axis deviation. The site of block ^ . 
was distal to the His bundle recording site (distal His bundle — - 


or trifascicular) (Fig. 1A). The A-A interval (sinus cycle 


length) was 570 msec, the A-H interval 110 msec and the V-V _ b. 


interval 1,410 msec. 
Atrial pacing at a rate of 115/min (cycle length 520 msec) 
produced intermittent capture of the ventricles and conducted 


beats with an H-V interval of 270 to 290 msec (Fig. IB). At ^ 


pacing rates of 120 and 150/min (cycle length of 400 to 500 





msec), 1:1 A-V conduction was resumed (Fig. 1C), conducted — 


beats having an H-V interval of 70 msec. The conducted beats _ 


had a pattern of right bundle branch block and normal axis 


. with occasional left or right axis deviation. Type I second 
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degree block proximal to the H deflection (A-V nodal block) 
occurred at an atrial paced rate of 160/min (cycle length 375 
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msec), with 1:1 A-V conduction noted at the onset of pacing 
(Fig. 2A). However, advanced second degree A-V block distal 
to the H deflection developed after completion of the 
Wenckebach sequence because a long H-H interval (560 msec) 
encompassed the blocked P wave of the Wenckebach period 
(Fig. 2A). Transient paroxysmal A-V block could also be ini- 
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tiated with a premature ventricular impulse during 1:1 A-V 
conduction at an atrial paced rate of 120/min (Fig. 2B). Sus- 
tained complete A-V block occurred reliably after cessation 
of rapid atrial pacing (Fig. 2C). 

Atrial extrastimulus testing was performed during sinus 
rhythm (with complete A-V block) (Fig. 3 and 4). Hə was not 
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FIGURE 2. Recordings showing initiation of advanced second degree A-V block and paroxysmal A-V block during rapid atrial pacing and resumption 
of sustained A-V block after cessation of atrial pacing. A, initiation of advanced second degree A-V block during atrial pacing at a cycle length of 
375 msec. Atrial paced beats 1, 2, 3, 4, 8 and 9 are conducted to the ventricles; beats 5, 6, 7, 11 and 12 are blocked. H-H intervals are listed. 
Wenckebach periodicity proximal to the H deflection occurred and, after completion of the Wenckebach sequence (beat 5), the H-H interval is 
560 msec, and the subsequent 2 beats (beats 6 and 7) are blocked. The sequence repeats (beat 10), and advanced second degree A-V block results. 
Beat 9 is conducted with right bundle branch block and left posterior hemiblock. B, initiation of paroxysmal A-V block by a premature ventricular 
contraction during atrial pacing at a paced cycle length of 500 msec with 1:1 A-V conduction. See text for discussion. C, complete A-V block resumes 
after cessation of rapid atrial pacing. The first returning sinus beat has an H-H interval of 710 msec and is blocked. All subsequent sinus impulses* 
have an H-H interval longer than 590 msec and are blocked. Abbreviations as in Figure 1. 
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conducted to the ventricles when the A;-A? coupling interval 
was greater than 550 msec with an H;-H; interval of greater 
than 550 msec. Hs was always conducted to the ventricles 
when As was coupled to the first sinus beat (A;) after a ven- 
tricular escape beat at an A,-Ao coupling interval of less than 
545 msec with an H,-H; interval of less than 545 msec (Fig. 
3, A to C and 4). The H;s-V; interval of the conducted beat 
progressively shortened from 290 to 70 msec as the H,-H» 
interval decreased from 545 to 380 msec. 

Atrial extrastimulus testing was also performed at an 
atrial driven cycle length of 500 msec (with 1:1 A-V conduc- 
tion) (Fig. 5 and 6). As the A,-A; interval was decreased from 
500 to 350 msec, the H,-H; interval decreased progressively, 
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FIGURE 3. Recordings showing atrial extrastimulus testing coupled 
with sinus rhythm (cycle length 570 msec) with complete A-V block. 
A, and H; are, respectively, the atrial and His bundle responses to the 
sinus beat; A», Ho and Vz are the atrial, His bundle and ventricular re- 
sponses to the extrastimulus (S5). The A;-A> and H4-H; intervals are 
indicated at the top and the H»-V> interval at the bottom of each panel. 
A, at an A4-A» coupling interval of 485 msec, the H,-H;» interval is 485 
msec, and H; is conducted to the ventricles with an Hz-Vo interval of 
230 msec. B, at an A,-A; coupling interval of 415 msec, the H,-H; in- 
terval is 430 msec, and Hz is conducted to the ventricles with an Ho-V> 
. interval of 160 msec. C, at an A;-A> coupling interval of 335 msec, the 
H4-Hz interval is 390 msec, and Hz is conducted to the ventricles with 
H»-V> interval of 70 msec. Abbreviations as in Figure 1. 
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and H» was conducted to the ventricles with an H5-V» interval 
of 70 msec (Fig. 6). As the A;-A; interval was decreased fur- 
ther, the H4-H; progressively lengthened because of A-V nodal 
relative refractoriness. Hə was conducted to the ventricles 
when H,-H; was less than 520 msec (Fig. 5, A and B, and 6). 
With a short A,-A» coupling interval, Hə was blocked distal 
to the His bundle recording site because of a long H,-H; in- 
terval 540 msec) (Fig. 5C and 6). Although atrial extrastimulus 
testing was not performed at a coupling interval longer than 
A;-A,, the returning sinus beat during cessation of atrial 
pacing at a cycle length of 500 msec was always blocked distal 
to the His bundle recording site. The H-H interval of these 
beats always exceeded 550 msec (Fig. 6). 


Discussion 


Genesis of bradycardia-dependent A-V block: 
The electrophysiologic mechanisms of bradycardia- 


dependent block have not been well defined. Singer et E 


al.!? demonstrated a voltage-dependent decrease of the 
rate of increase of action potential velocity (dV/dT) of 
the phase 0 and a decrease in action potential amplitude 
when hypopolarized canine Purkinje fibers were acti- 
vated during spontaneous phase 4 depolarization. He 
also demonstrated a gradual shift of threshold potential 
toward 0 as phase 4 spontaneous depolarization pro- 
gressed. The amplitude of action potential and dV/dT 
of phase 0 were totally voltage-dependent during both 
phase 3 repolarization and phase 4 depolarization. Ex- 
trapolating from these observations, Rosenbaum, Eli- 
zari and their co-workers?:46:1415 postulated that the 
hypopolarization of the resting membrane with en- 
hanced phase 4 spontaneous depolarization was the 
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FIGURE 4. A,-A», H4-H; (solid circles) and A,-A», H5-V (open trian- 
gles) curves during sinus rhythm with complete A-V block. At an A4-A5 
interval of less than 545 msec, the H,-H» interval is less than 545 msec 
and H3 is conducted to the ventricles, at an A;-A2 interval of more than 
550 msec, the H,-H, interval is longer than 550 msec, and Ho is blocked. 
The H;-V. interval shortens progressively with shortening of the H4-Ho 
interval. CL = cycle length. 
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__ FIGURE 5. Recordings showing atrial extrastimulus testing coupled to 
. . anatrial driven cycle length of 500 msec with 1:1 A-V conduction. A, 
at an A,-A» coupling interval of 315 msec, the H,-H; interval is 400 
msec, H2 is conducted to the ventricles with an H2-V> interval of 70 
msec and a pattern of right bundle branch block with left posterior 
. hemiblock. B, at an A;-A2 coupling interval of 300 msec, the H,-H; 
interval is 485 msec, and H; is conducted to the ventricles with an H»-V; 
interval of 70 msec. Left posterior hemiblock did not occur at this longer 
H4-H» interval. C, at an A,-A; interval of 290 msec, the H,-H; interval 
lengthens to 540 msec, and H; is blocked. Abbreviations as in Figure 

1. 


major factor facilitating clinically observed bradycar- 
dia-dependent block in the His-Purkinje system, 
_ whereas a prolonged refractory period of the action 
~ potential was responsible for tachycardia-dependent 
= block. They termed the former “phase 4 block" and the 
- latter “phase 3 block." In contrast, El-Sherif et al.,16 on 
the basis of canine studies, suggested that a shift in 
threshold potential rather than enhanced phase 4 de- 
polarization was the crucial factor in the genesis of 
bradycardia-dependent block. They also postulated a 
decrease in membrane responsiveness without marked 
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FIGURE 6. A4-A», H4-Hs (solid circles) and A 1-A», V4-Vo (open tri- 
angles) curves at an atrial driven cycle length of 500 msec. Note that 
H2 is conducted to the ventricies at an A4-A» interval of 300 to 500 msec 
when the H4-H» interval is shorter than 520 msec. The H;-V; interval 
is 70 msec at all H4-H» intervals; therefore, the V ,-V; interval is identical 
to the H4-H; interval. At an H4-H; interval longer than 540 msec, Hp is 
not conducted to the ventricles. This occurs either with a short A;-A> 
interval or with sinus returning beats at cessation of atrial pacing at a 
cycle length (CL) of 500 msec. 


enhancement of phase 4 depolarization as a contributing 
factor to the occurrence of bradycardia-dependent 
block. 

In this study, we have described a patient who had 
bradycardia-dependent complete A-V block for 3 days. 
As in previous cases, the site of block was in the His- 
Purkinje system. Because the idioventricular escape 
rhythm had a configuration of right bundle branch 
block and right axis deviation, whereas the supraven- 
tricular conducted beats had a configuration of right 
bundle branch block with normal axis and occasional 
right or left axis deviation, the site of block was thought 
to be in the proximal bundle branch system. Because 
the block in the right bundle was probably established, 
the exact site of block could be in the proximal left 
bundle. The idioventricular rhythm probably originated 
from the left anterior fascicle, distal to the site of block. 
Sustained bradycardia-dependent complete A-V block 
lasting for 3 days has nct previously been described. Our 
patient also demonstrated initiation of paroxysmal A-V 
block and development of advanced second degree A-V 
block during rapid atrial pacing with intact A-V con- 
duction; these findings incorrectly suggested the oc- 
currence of tachycardia-dependent block related to 
bradycardia-dependent block (see later). 

Electrophysiologic observations during atrial , 
extrastimulus testing: Atrial extrastimulus testing 
coupled with sinus rhythm with complete A-V block 
distal to the H deflection demonstrated that at critical 
H;-H; intervals, Hə was conducted to the ventricles and 
that the H5-V» interval (very long at a long coupling 
interval) progressively shortened with shortening of 
H;-H» coupling intervals. These findings strongly sug- 
gested that each sinus impulse penetrated to the site of 








block, resetting a new state of membrane responsive- 
ness. Membrane responsiveness of the conducting tissue 
at the site of block decreased progressively as the dia- 
stolic coupling interval (H,-H») increased. When atrial 
extrastimulus testing was coupled with an atrial driven 
cycle length of 500 msec with intact A-V conduction, the 
conduction time of Hə (H5-V» interval) did not change 
with a change in the H;-H» interval. However, Hə was 
blocked at a critical long H,-H» interval identical to the 
H4-Hs interval at which H; was not conducted to the 
ventricles during sinus rhythm. In other words, short- 
ening of the driven atrial cycle length restored A-V 
conduction, eliminated bradycardia-related lengthening 
in conduction time but did not eliminate bradycardia- 


related block. The cell mechanisms underlying this 


observation are unclear but could relate to resting 
membrane potential, slope of diastolic depolarization 
and bradycardia-dependent decrease in membrane 
responsiveness. 

A short episode of paroxysmal A-V block was pre- 
cipitated by a premature ventricular beat occurring 
during intact A-V conduction (Fig. 2B). Activation from 
this premature beat apparently penetrated to the site 
of block (a concealed event, probably occurring during 
the ventricular electrogram). The next conducted beat 
(beat 4, Fig. 2B) thus had a diastolic interval longer than 
the critical interval allowing conduction and was 
blocked distal to the His bundle recording site. How- 
ever, repetitive block of the subsequent impulses with 
resumption of conduction is difficult to explain. 

Factors involved in initiation and sustaining of 
the A-V block: Rosenbaum et al.? postulated that once 
block was initiated, spontaneous phase 4 depolarization 
would progress to a critical state when conduction could 
no longer take place. They further postulated that un- 
less an escape beat from the injured area or from an- 
other region could discharge the injured area, repolar- 
izing the transmembrane potential to its maximal value, 
block would be repetitive. They observed that re- 
sumption of conduction occurred after an escape beat. 
In our patient, resumption of conduction did not occur 
during idioventricular escape rhythm. Furthermore, 
atrial extrastimulus testing during sinus rhythm with 
complete A-V block revealed that each sinus beat had 
penetrated to the injured area, resetting a new state of 
membrane responsiveness (see above). It appeared that 
the first blocked beat had created a state of maximal 
decrease in membrane responsiveness that gradually 
improved during the repetitive concealment of impulses 
with a cycle length of less than the critical diastolic in- 
terval until conduction was resumed. However, A-V 
block would sustain if the cycle length of the subsequent 
impulses were longer than the critical diastolic interval. 
Thus, once the block was initiated, the occurrence of a 
sustained or a paroxysmal block was partially depen- 
dent on the cycle length of the subsequent impulses. 
This hypothesis could also explain persistence of A-V 
block in the presence of idioventricular escape rhythm. 
Although the ventricular escape beat penetrated to the 
site of block and improved membrane responsiveness, 
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it was not sufficient to allow conduction of the first sinus 
beat after the escape beat. However, this sinus beat 
would further improve membrane responsiveness, al- 
lowing conduction of subsequent supraventricular im- 
pulses arriving at cycle lengths of less than the critical 
diastolic interval (Fig. 3). 





Effects of rapid atrial pacing—differentiation —— 
from tachycardia-dependent A-V block: Initiation — - 
of advanced second degree A-V block during rapid atrial — 
pacing could be explained on a similar basis. During — | 
atrial paced A-V nodal Wenckebach periodicity, the 
H-H interval (between beats 4 and 6) encompassing the — 
blocked P wave (beat 5) was longer than the critical — . 
interval, allowing conduction with resultant block ofthe — 
latter H deflection (beat 6). This blocked beat created — 


a state of decreased membrane responsiveness, resulting — | 
in repetitive block of beat 7 (paroxysmal A-V block). | 
Because beat 7 arrived within the critical diastolic in- — 


terval, it improved the membrane responsiveness, al- 
lowing conduction of the subsequent beats with an H-H _ 
interval shorter than the critical diastolic interval (beats 


8 and 9). Perpetuation of Wenckebach periodicity as- _ 


sociated with bradycardia-dependent paroxysmal A-V — - 
block produced a pattern of sustained advanced second — 
degree A-V block. Without a His bundle recording, this — . 


type of block could be misinterpreted as “tachycardia- 


dependent block" or “phase 3 block.” Because the block — : 
developed after a blocked P wave during Wenckebach ~ 
periodicity, accurate diagnosis could be achieved with  : 
careful deductive analysis of the tracing. However, we 
can extend our observation and provide an alternative — - 
explanation for the “tachycardia-dependent block" — 


frequently associated with the condition of bradycar- 


dia-dependent block. If second degree block occurred - 4 


in the His-Purkinje system proximal to the area of 


bradycardia-dependent block, a pattern of advanced — . 
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second degree A-V block could ensue without implying ~ 
simultaneous occurrence of bradycardia- and tachy- . E. 


cardia-dependent block in the same tissue. 


In conclusion, we have demonstrated that brady- — 


cardia-dependent block can present with both sustained | 


and paroxysmal A-V block. With bradycardia-depen- 


dent block, the nonconducted impulses penetrate to the - 


site of block and reset the state of membrane respon- | 
siveness. The first blocked beat appeared to imposea — - 
state of maximal decrease in membrane responsiveness. _ 


Once a blocked beat was initiated, the occurrence of — E 
sustained or paroxysmal heart block was dependent on  . 
the cycle length of the subsequent beats. If the cycle — . 


af 
E^ 


E 


length was longer than the critical diastolic interval, the — 
block was sustained (sustained complete A-V block); if — 


the cycle length was shorter than the critical diastolic 


interval, conduction resumed after a few beats (parox- 3 
ysmal A-V block). Finally, we have also demonstrated —. 


that second degree tachycardia-dependent block oc- — 
curring at a proximal site (A-V node) associated with . 


bradycardia-dependent block at a distal site could 


produce advanced second degree A-V block. This was — ^ 


the mechanism of apparent tachycardia-dependent A-V 
block in our patient. 
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'- Electrophysiologic Effects of Acute Myocardial Infarction in Man 


Six patients undergoing surgery for ischemic heart disease were studied 


by means of epicardial electrodes affixed to the left ventricle. One patient 
who underwent triple coronary arterial bypass and plication of a left 
ventricular aneurysm had evidence of an acute myocardial infarction 1 
day after operation. A surface electrocardiogram and a bipolar electro- 
gram from the left ventricle were recorded before and after development 
of the infarction. The bipolar electrogram showed a marked loss of voltage 
and delay of conduction that were not present in the patients who un- 
derwent surgery but did not sustain an acute myocardial infarction. Thus, 
any acute myocardial infarction in conscious persons appears to be as- 
sociated with areas of delayed epicardial action and diminution of local 
voltage. This observation suggests that the electrophysiologic mechanisms 
of infarction in man are similar to those of infarction in the dog. 


Most of our knowledge about the mechanisms of ventricular arrhythmias 


in acute myocardial infarction is derived from studies in the canine 
heart.! In these studies, zones of infarction produced by coronary arterial 
ligation demonstrate slowing of conduction sufficient to permit the oc- 
currence of reentrant arrhythmias.?-* The relevance of these studies to 


human myocardial infarction is unclear.> Precise electrophysiologic data — 


on acute infarction in man, particularly in conscious patients, is difficult 
to obtain. In this study, we made serial electrophysiologic recordings 


from the hearts of six patients who underwent surgery for ischemic heart __ 


disease, including one who had an acute myocardial infarction 1 day 
postoperatively. The observations suggest that the electrophysiologic 
changes similar to those seen in experimental myocardial infarction occur 


in infarction in conscious man. 


Methods 
Six patients who underwent surgery for ischemic heart disease had bipolar 


electrodes for standby pacing placed on the left ventricle, in the distribution of | 


the left anterior descending coronary artery. Bipolar electrograms were recorded 
from this electrode with an isolation unit on an Electronics for Medicine DR-8 
research recorder with a filter frequency of 12 to 500 hertz at a paper speed of 
100 mm/sec. All recordings were made with the patient supine. Conduction in- 
tervals were measured from the earliest onset of the QRS complex in three si- 
multaneously recorded standard electrocardiographic leads to the major de- 
flection of the bipolar electrogram recorded from the left ventricle. A Vernier 
measuring device, with an accuracy of +1 msec at recorded paper speed, was used 
for measurements. Recordings were performed 4 to 5 hours postoperatively and 
then during the following 6 days. 


Results 


Control patients: Five patients underwent coronary bypass surgery with 
grafts to the left anterior descending coronary artery and had an uncomplicated 
postoperative course. In these patients, the local electrograms showed no change 
in conduction time and a mean decrease in voltage of 44.0 + 11 percent from the 
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first recording 4 hours postoperatively to the 6th postoperative 


__ day; these findings are similar to those reported by others.® 


Electrophysiologic findings in a patient with acute 
myocardial infarction: The patient was a 42 year old woman 


. with angina pectoris that was intractable despite pharmaco- 


logic therapy. Coronary arteriography revealed severe triple 


. vessel disease with a Friesinger score of 13, relatively poor 
. runoff and poor left ventricular function. At operation, diffuse 
- scarring of the apicolateral area and a small apical aneurysm 


were noted. Three coronary bypass grafts, including one to the 


. left anterior descending coronary artery, were constructed, 
. and the apical aneurysm was plicated. During surgery, a bi- 
polar electrode was placed on the left ventricle in an area ad- 
jacent to the middle third of the left anterior descending 


coronary artery. When cardiopulmonary bypass was discon- 
tinued, the patient's condition was hemodynamically unsta- 
ble; an intraaortic balloon pump was inserted, and stable blood 
pressure and cardiac output were maintained. 

The electrocardiogram 4 hours postoperatively (Fig. 1A) 


was unchanged from the preoperative tracing, and the bipolar 
. electrogram recorded from the left ventricle (Fig. 2A) showed 
 anamplitude of 2.7 mv and a conduction interval of 19 msec. 
_ The next morning (postoperative day 1), the patient became 


hypotensive while on the intraaortic balloon pump, and do- 


. pamine, 16 ug/kg/per min, was required to maintain a stable 


blood pressure and cardiac output. The surface electrocar- 


.. diogram (Fig. 1B) showed new S-T elevation and new Q waves 
. inleadsI and aVL. The left ventricular electrogram (Fig. 2B) 


showed a 92 percent loss of voltage to 0.2 mv and an increase 
of the conduction interval to 28 msec. By postoperative day 
2 administration of dopamine had been discontinued, but 
lidocaine therapy (2 mg/min) was started for ventricular ar- 
rhythmias. The electrocardiogram showed evolution of a 
lateral acute myocardial infarction, and local left ventricular 


. activation time was further delayed to 33 msec (Fig. 1C). On 


_ day 8, both lidocaine therapy and the intraaortic balloon 


hem D 
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FIGURE 1. Twelve lead electrocardiograms. 
A, 4 hours postoperatively. The tracing is un- 
changed from the preoperative electrocar- 
diogram. B, first postoperative day. Note new 
Q waves, S-T elevation and upright T waves in 
leads | and aVL and S-T depression in leads Il, 
Ill and aVF. 


pump were discontinued. The electrocardiogram was un- 
changed, and the left ventricular electrogram (Fig. 1D) showed 
further delay in local activation to 36 msec. After this, the 
patient had no other complications. The left ventricular 
electrogram recorded 6 days postoperatively (Fig. 1E) showed 
a further decrease in voltage to 0.08 mv and shortening of the 
local conduction interval to 30 msec. 


Discussion 


Previous electrophysiologic studies on human 
myocardial infarction: Studies on intramyocardial 
conduction in man are difficult to perform.’ Using ep- 
icardial mapping during open heart surgery, Daniel et 
al5 demonstrated delayed epicardial activation over 
zones of chronic infarction. Kaiser et al.,? using elec- 
trophysiologic mapping during open heart surgery, lo- 
calized the infarct zone in a patient with acute myo- 
cardial infarction. Unipolar recordings revealed Q waves, 
and bipolar electrograms demonstrated low voltage and 
increased duration. Local activation time was not 
evaluated and, because no recordings were made before 
the development of infarction, change in local activation 
caused by the infarction could not be evaluated. Sung 
et al.® studied left ventricular bipolar electrograms in 
patients before and after coronary bypass surgery. In 
13 of 19 patients, the voltage of the bipolar electrogram 
increased immediately after grafting. During the first 
5 days postoperatively, the voltage of the electrogram 
decreased in 16 of 19 patients, with no change in local 
activation time. In our control patients, the first re- 
cordings were made several hours postoperatively, and 
the results were consistent with those of Sung et al.9 In 
their study, three patients had a perioperative infarc- 
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FIGURE 2. Standard electrocardiographic leads |, Il and IIl with simultaneous bipolar electrogram recorded from the left ventricle (LV). A, 4 hours 
postoperatively, heart rate is 89 beats/min. Conduction interval from the onset of the QRS complex to the maximal deflection of the bipolar electrogram 
is 19 msec. Voltage of electrogram is 2.7 mv. B, first postoperative day. Note the new Q wave and S-T elevation in lead |. Heart rate is 120 beats/min. 
The conduction interval is 28 msec and voltage of the bipolar electrogram is 0.2 mv. C, second postoperative day. There is atrial pacing to a heart 
rate of 91 beats/min. The conduction interval is 33 msec, and voltage of the bipolar electrogram is 0.25 mv. D, third postoperative day. There is 
atrial pacing to a heart rate of 93 beats/min. The conduction interval is 36 msec, and voltage of the bipolar electrogram is 0.15 mv. E, sixth postoperative 
day. Heart rate is 103 beats/min. The conduction interval is 30 msec, and voltage of the bipolar electrogram is 0.08 mv. 


tion, but their electrograms showed no change in con- 
duction interval, and the changes in amplitude did not 
differ from those in patients without infarction. The 
authors attributed this finding to the fact that the 
electrodes did not lie in the zone of the infarction as 
predicted by the electrocardiogram. 


Changes in left ventricular electrogram: Our 
patient clearly had an acute myocardial infarction on 
the first postoperative day. The left ventricular elec- 
trodes, which appeared to be in or near the infarct zone, 
demonstrated a marked loss of voltage and considerable 
slowing of activation. The further delay on day 2 may 
have been related to the evolution of the infarction, the 
withdrawal of dopamine or the administration of lido- 
caine.!? The delay of activation on day 3 may have 
represented ischemia related to discontinuation of the 
intraaortic balloon pump. By day 6 voltage continued 
to decrease, but epicardial activation time, although still 
delayed, was shorter than previously. None of these 
changes occurred in our patients who underwent coro- 
nary bypass surgery but did not sustain infarction. 
Overall, the delay in activation and loss of voltage in the 
patient with acute infarction are similar to those oc- 
curring after ligation of a canine coronary artery. 


Possible limitations of study: There are certain 
limitations to these observations. Only one patient with 
infarction was observed. Although postoperative myo- 


cardial infarction is not rare, the electrocardiographic 
changes of infarction are almost always present in the 
first electrocardiogram recorded in the recovery room.! 
It is thus quite unusual to be able to obtain a baseline 
electrogram after surgery but before the occurrence of 
infarction. The patient who had infarction also had 
plication of a left ventricular aneurysm. The control 
recording after surgery indicates that it is quite unlikely 
that the changes were secondary to plication of the an- 
eurysm. Although dislodgment of the electrodes might 
explain our findings, this also appears unlikely because 
dislodgment was not seen in any of the control cases and 
would have had to occur precisely at the time of in- 
farction. It is possible that the electrodes were located 
in the periinfarction zone rather than within the infarct 
itself. For clinical reasons, multiple interventions were 
often performed simultaneously. À change in heart rate 
occurred on day 2, but the changes in conduction in- 
terval persisted when the heart rate returned to baseline 
level. Although the total delay in epicardial activation 
was considerable, the delay demonstrated in these re- 
cordings did not extend beyond the refractory period 
of the ventricle and by itself would not be sufficient for 
reentry to occur (although our electrodes may not have 
been in the zone of maximal conduction delay). 
Implications: Acute myocardial infarction in con- 
scious persons appears to be associated with areas of 
delayed epicardial activation and diminution of local 
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Voltage. As far as we know, this observation has not been 
made before, and it suggests that the electrophysiologic 
mechanisms of infarction in man are similar to those of 
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Angiographic evidence of unusual vasomotor responses occurred in two 
patients after administration of sublingual nitroglycerin. In these patients, 
right coronary arterial segments that appeared angiographically normal 
before the administration of nitroglycerin showed narrowing after nitro- 
glycerin. Adjacent segments in each of these vessels, as well as the other 
coronary arteries, dilated as expected. Both patients remained asymp- 
tomatic. Repeated administration of nitroglycerin did not alter the angi- 
ographic appearance of these vessels. No reason for the localized re- 
duction of coronary arterial diameter was apparent. The possibility that 
nitroglycerin was associated with these unusual changes is an additional 
argument against the routine administration of nitrates before coronary 
arteriography. 


Nitrates are known vasodilators and usually cause generalized coronary 
arterial dilation when administered before coronary angiography. 
Recently, increased interest in coronary arterial spasm and its possible 
role in the pathophysiology of various ischemic syndromes has led some 
investigators to caution against the routine use of nitrates before angi- 
ography. In addition, we previously suggested that use of nitroglycerin 
may result in angiographic overestimation of the degree of coronary 
stenosis.2 This error is probably caused by nitroglycerin's potential to 
dilate the “normal” pre- and poststenotic segments to a greater degree 
than the stenotic region. 

Recently, we observed two patients with unusual coronary angio- 
graphic responses after nitroglycerin. In each, localized arterial narrowing 
developed in the right coronary artery while the surrounding vessel and 
other coronary arteries dilated in the usual manner. These unexpected 
responses could not be explained by spontaneous or catheter-induced 
spasm or hemodynamic changes. These cases and the potential conse- 
quences of coronary narrowings that appear to be related to nitrates are 
briefly discussed. 


Case Histories 


Case 1 


This 61 year old white man had had 12 years exertional and postprandial chest 
pain that was relieved with nitroglycerin. The resting electrocardiogram was 
normal. During pain induced with exercise stress, 2 mm S-T depression occurred 
in lead V; at 140 beats/min (stage III, Bruce protocol). Both the chest pain and 
the S-T depression persisted for 2 minutes after exercise. Cardiac catheterization 
studies, performed without premedication, revealed a left ventricular pressure 
of 130/18 mm Hg at rest. Cardiac output was preserved, and ventriculography 
showed minimal anterior wall hypokinesia. 

Selective coronary arteriography performed with the Sones technique re- 
vealed significant coronary artery disease. There was proximal 70 percent nar- 


rowing of the diameter of the left anterior descending coronary artery and two 


diagonal branches. The circumflex obtuse marginal branch and posterior de- 
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FIGURE 1. Case 1. Selected unretouched cineangio- 
graphic frames (left anterior oblique projection) of the 
right coronary artery before (A) and after (B) nitroglycerin 
(TNG). Note the long narrowed arterial segment after ni- 
troglycerin (arrows) where only irregularity in luminal 
outline was noted before nitroglycerin. In B the most f* 
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scending branch of the right coronary artery had 50 percent 
narrowings in their midportions. Multiple views of the right 
coronary artery revealed minimal irregularity of outline but 
no significant narrowing in the proximal segment. After the 
administration of 0.4 mg of sublingual nitroglycerin (Lilly, 
Indianapolis) there was no change in aortic pressure (130/70 
mm Hg), heart rate (60 beats/min) or the multilead electro- 
cardiogram. There was general dilation of the left coronary 
system with no major change of the narrowed segments. The 
proximal right coronary artery beyond the portion engaged 
with the Sones catheter (Fig. 1) had a long segment with a new 
50 to 70 percent reduction in diameter, and adjoining vessel 
segments showed dilation. Despite removal of the catheter, 
a 20 minute wait and the sublingual administration of an ad- 
ditional 1.2 mg of nitrate, this unexpected vasomotor response 
persisted during multiple aortic cusp flushes. The patient did 
not experience chest pain at any time during cardiac cathe- 
terization. 

Repeat coronary angiography on the following day re- 
vealed return of the narrowed segments to a normal diameter. 
At this time, 0.2 mg of ergonovine maleate (Lilly) was ad- 
ministered intravenously in an attempt to provoke coronary 
arterial spasm. No symptoms developed, and there were no 
significant angiographic or electrocardiographic changes. 
Subsequent administration of nitroglycerin showed the ex- 
pected generalized dilatory response in the right coronary 
artery. During a follow-up period of 21 months, the patient 
has done well on medical therapy that includes nitrates. 
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distal vessel dilated in the expected manner. 


Case 2 


This 53 year old white man had had for 6 months sharp 
chest pain unrelated to exertion with an inconsisent response 
to nitrates. The resting electrocardiogram was normal and did 
not change during pain. Cardiac catheterization studies per- 
formed without premedication disclosed normal resting he- 
modynamic measurements; the left ventriculogram was nor- 
mal. Selective coronary arteriography performed with the 
Sones technique revealed normal findings and an anatomically 
dominant right coronary artery. After administration of 
0.4 mg of sublingual nitroglycerin, aortic pressure changed 
from 130/60 to 120/80 mm Hg and heart rate increased from 
57 to 70 beats/min. A 12 lead electrocardiogram was un- 
changed. Repeat coronary arteriography revealed generalized 
dilation of the left coronary arterial system. Two proximal 
right coronary arterial segments had narrowings of 90 percent 
of diameter (Fig. 2), and the segments between and distal to 
these new narrowings were dilated. The new narrowings 
persisted for at least 20 minutes despite repeated sublingual 


administration of nitroglycerin tablets to a total dose of 1.2 | 


mg. The patient did not experience chest pain at any time 
during cardiac catheterization. At a later date, intravenous 
administration of 0.2 mg ergonovine failed to produce chest 
pain or electrocardiographic changes. Coronary angiography 
was not repeated after the administration of ergonovine. 
During a follow-up period of 9 months the patient's condition 
has remained stable with no cardiac medication. 


FIGURE 2. Case 2. Selected cineangiographic 
frames (left anterior oblique projection) of the right 
coronary artery before (A) and after (B) nitro- 
glycerin (TNG). Note the multiple narrowed arterial 
segments (arrows) after nitroglycerin; the artery 
was normal in A. As in Case 1, after nitroglycerin 
the most proximal segment engaged by the Sones 
catheter and the distal vessel dilated in the ex- 
pected manner. 





proximal segment engaged by the Sones catheter and the &$ 
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Discussion 


Vasomotor changes producing discrete coronary ar- 
terial narrowing, such as those we observed after ad- 
ministration of sublingual nitroglycerin, have not pre- 
viously been reported. Although these new narrowed 
segments appeared after the administration of nitro- 
glycerin, this temporal relation does not prove that they 
were produced by nitroglycerin. However, the lack of 
other reasonable explanations suggests that nitroglyc- 
erin influenced these vasomotor responses. 

Possibility of catheter-induced coronary nar- 
rowing: This possibility deserves comment. Both 
spontaneous narrowing and mechanically induced 
coronary narrowing appear to occur more commonly in 
the right than in the left coronary artery.! Dynamic 
narrowing induced by a catheter or injection of contrast 
medium usually occurs at the site of the catheter tip in 
the proximal part of the coronary artery and is reversed 
with nitroglycerin. The narrowings we observed after 
nitroglycerin occurred some distance from the catheter 
tip, and there was dilation of the most proximal coro- 
nary segments, which were in contact with the Sones 
catheter tip. In our opinion, this is an unusual location 
for mechanically induced spasm. Because catheter- 
induced spasm was considered at the time of catheter- 
ization, attempts were made to reverse these vasomotor 
changes. Sinus of Valsalva flushes without catheter 
engagement in the right coronary ostium after addi- 
tional nitrate administration and waiting periods of up 
to 20 minutes did not alter the new narrowed segments. 
Although these vasomotor changes were observed for 

a relatively long period, it is possible that they represent 
delayed resolution of catheter-induced spasm. If they 
do, it seems necessary to postulate that nitroglycerin 
sensitized some arterial segments to catheter stimula- 
tion while dilating adjacent segments in an expected 
manner. It is reasonable to question the potency of the 
nitroglycerin in these cases. The dilatory response of the 
surrounding arterial segments and other coronary ar- 
teries indicates that these particular nitroglycerin 
tablets, which were from different bottles, were potent. 
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Additionally, the modest change in aortic pressure In 
Case 2 and the lack of change in Case 1 after nitroglyc- 
erin are not likely to account for our observation. 
Nitroglycerin-induced versus spontaneous spasm 
of variant angina: That the alterations in coronary 
tone were transient is suggested first by the return to 
normal at restudy the following day in Case 1, and by. 
the benign follow-up clinical course of both patients. _ 
Neither patient had or has subsequently experienced _ 
the clinical syndrome of variant angina or infarction. - 
Subsequent challenge with ergonovine maleate failed : 
to produce chest pain or electrocardiographic di > 
in either patient. Thus, spontaneous spasm of the type - 
seen in variant angina is unlikely. Patient 1 had cor- - 
onary artery disease and angina on effort, and during il t 
the follow-up period continued to respond well to ni- 
troglycerin. HA 
Potential dangers: This unexpected angiographic 
evidence of coronary arterial narrowing after nitro- - 
glycerin indicates a potential danger. First, because — 
nitrates usually decrease blood pressure and increase 
heart rate, extreme hemodynamic changes? or the de- | 
velopment of more significant narrowings theoretically 
could lead to myocardial ischemia. Perhaps the hypo- 
tension and bradycardia observed after nitroglycerin — 3 
in the setting of acute myocardial infarction? were un- — 
recognized instances of right coronary arterial spasm. _ 
Additional nitroglycerin did not reverse the narrowings, — 
and is thus probably not a beneficial therapy. Also of — 
concern is the possibility that surgical revascularization _ 
might have been prescribed for nonfixed narrowings | 
such as these. Initial routine administration of nitro- t 
glycerin before coronary arteriography in these cases 
might have led to the incorrect diagnosis of severe dis- _ Js 
ease, whereas it is apparent that significant fixed ste- 
nosis is not present in either of these right coronary - | 
arteries. 3 
We have no explanation for these coronary vasomotor | 
changes. The possibility of observing such changes after i 
nitroglycerin adds to the argument against the routine | 
administration of nitrates before coronary angiogra- - ! 
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Remission of Angina Pectoris* 


STEPHEN M. AYRES, MD, FACC 
HILTRUD S. MUELLER, MD, FACC 


Saint Louis, Missouri 


A report from the Framingham Study in a recent 
issue of the Journal! suggests that angina pectoris need 
not always progress inexorably to coronary death but 


. may, at times, completely disappear. Kannel and Sorlie! 


found that one third of a group of patients reporting 
substernal distress on a routine examination were 
asymptomatic when reevaluated 2 years later. Because 
only 1 of the 61 patients with transient angina died 


- during the 4 subsequent years of observation, it seems 


fair to ask whether they did indeed have coronary artery 


. disease. 


Relation of Angina Pectoris and 
Coronary Artery Disease 


'The question of the relation between angina pectoris 
and coronary artery disease is not new. Edward Earl of 
Clarendon (1660), Morgagni (1707) and Heberden 


(1768) all described the symptom complex studied in 


Framingham, although it was Jenner who first proposed 


that coronary arterial sclerosis leads to angina pecto- 
 ris.?? This view was widely disputed, and in 1854 


Stokes‘ wrote that “. . . coronary obstruction is probably 
not infrequent; but as a cause of angina, its action is 


. remote and its existence unnecessary." 


Osler? devoted his three Lumleian Lectures in 1910 
to angina pectoris, a subject he noted to be “full of 
knotty problems which lend themselves to speculation." 
He believed that angina pectoris was closely related to 


coronary artery disease but emphasized the wide range 
of symptoms “from the trifling sense of substernal 
. distress to the vascular ictus by which a man is felled as 
. with a club." Sir William, after observing that 33 of his 
268 patients were physicians, went on to classify their 
. condition into three categories: formes frustes, mild and 
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severe. Forty-three patients were considered to have 
mild angina and had long periods in which they were 
without pain. As in the group reported on in the Fram- 
ingham study, more than half of these 43 patients were 
women. 

Thirty years later, Blumgart et al.$ presented defin- 
itive evidence that angina pectoris was almost always 
associated with severe coronary artery disease. Injecting 
radiopaque medium into the coronary arteries during 
postmortem examination, they found that the hearts 
of patients with angina usually showed one or more 
occlusions of coronary arteries with a rich development 
of collateral circulation. Subsequent postmortem 
studies have emphasized that severe coronary arterial 
occlusive disease can be expressed as angina pectoris, 
acute myocardial infarction, congestive heart failure or 
sudden ischemic death. The type of clinical expression 
Goes not seem to be related to the severity of coronary 
artery disease because Roberts? has shown a similar 
degree of luminal obliteration in patients with isolated 
angina pectoris or ischemic heart failure without 
pain. 


Angina Pectoris As an Indicator of 
Coronary Artery Disease 


How sensitive is angina pectoris as a diagnostic in- 
dicator of coronary artery disease? Allison et al.8 found 
evidence of coronary artery disease in 82 percent of 430 
unselected patients subjected to autopsy at the Boston 
City Hospital; the disease was severe in 43 percent. Only 
19 percent of the patients with severe disease had had 
angina, and the number of occlusions was identical in 
the patients with and without angina. Spiekerman et 
al.2 took advantage of the high autopsy rate in Roch- 
ester, Minnesota for both hospital and out of hospital 
deaths and found evidence of coronary artery disease 
in 74 percent of all postmortem examinations. Careful 
clinical study revealed that only 32 percent of persons 
who died of coronary artery disease had experienced 
angina. 








Specificity, the percent of true negatives, can also be 
estimated from these two studies. Allison et al.5 noted 
that only 1 of 130 persons with little or no coronary 
disease experienced symptoms suggesting angina pec- 
toris; almost all of the patients noted by Spiekerman et 
al? to have angina pectoris exhibited severe coronary 
artery disease. Nevertheless, it must be remembered 
that angina is a symptom and can occur in the presence 
of normal coronary arteries in patients with anemia, 
aortic stenosis, obstructive cardiomyopathy or other 
conditions. 

Coronary arteriography permits another assessment 
of the specificity of angina pectoris. Proudfit et al.,!? 
analyzing the extensive Cleveland Clinic experience, 
found that 94 percent of patients with “typical” angina 
and 65 percent of those with atypical angina had sig- 
nificant coronary artery disease; 96 percent of those 
thought to be normal and 81 percent of those listed as 
probably normal had relatively normal coronary arte- 
ries. Thus, angina is present in less than one third of 
patients with severe coronary artery disease; however, 
when present, it is a reliable indicator of disease. 

What is the cause for chest pain in those 61 patients 
reported by Kannel and Sorlie! to have typical anginal 
symptoms initially but not on subsequent follow-up 
studies? Presumably at least 80 percent of these pa- 
tients had coronary artery disease. Angina pectoris is 
not a trivial symptom but implies myocardial ischemia 
and the possibility of sudden death. The studies per- 
formed by Katz et al.!! 40 years ago suggested that an- 
gina might be caused by a diffusible acid substance 
arising from ischemic tissue. More recent evidence 
suggests that ischemic tissue liberates a variety of 
substances that stimulate small unmyelinated fibers 
within the myocardium sending back impulses to the 
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spinal cord and higher centers. Some of this neural 
traffic spreads out within the spinal cord and leads to 
pain and hyperesthesia in adjacent dermatomes; other 
impulses reach higher integrating centers and evoke a 
sympathetic response characterized by tachycardia, 
sweating, vasoconstriction, anxiety and a sensation of 
“impending dissolution." 


Implications of the Framingham Study 


The report from Framingham emphasizes the 
strengths and weaknesses of epidemiologic study. The 
notion of mild and transient angina—an idea dating at 
least from Osler—has been confirmed; this promising 
lead should now be vigorously explored. If these patients 
really have coronary artery disease, why the surprisingly 


good prognosis? It would be of great interest to know - 


whether they have less luminal obliteration than those 
with stable angina pectoris and whether they would 
manifest S- T segment abnormalities or regional hypo- 
perfusion during vigorous exercise. Perhaps these pa- 
tients have nonocclusive atheromatous plaques that 
occasionally trigger platelet aggregation and initiate a 
small thrombus that shortly disappears. Or perhaps the 


stress of everyday life, together with the catecholamine 2a | 
release related to cigarette smoking, leads to transient _ 


increases in myocardial oxygen requirements that 
cannot be met by a modestly diseased vascular bed. 


Osler? suggested that “there may be a perverted internal E 


secretion which favors spasm of the arteries," and this 
could turn out to be norepinephrine or thromboxane Ao. 
At any rate, continuing evaluation of this unusual group 
could shed additional light on the progression of isch- 
emic heart disease, particularly if epidemiologic ob- 
servation is buttressed by detailed physiologic study. 
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EXERCISE TESTING IN CHRONIC STABLE INFERIOR 
MYOCARDIAL INFARCTION 


Several additional aspects of the performance of exercise 
testing in patients with chronic stable inferior myocardial 
infarction should be mentioned in relation to the article by 
Miller et al.! 

1. Only a three lead system, comprising leads I, aVF and 
V5 was used, whereas Sheffield et al.? have indicated that at 
least six different leads are required to detect all the instances 
of exertional S- T segment depression that can be registered 
in a conventional 12 lead electrocardiogram. 

2. 'The use of a single variable such as the S- T segment to 
determine the positivity or negativity of an exercise test 
without using signs, symptoms, general appearance of the 
patient, blood pressure responses, heart rate responses and 
the use of appropriate isotopes, represents a “regressive po- 
sition.” ? Clinical symptoms such as shortness of breath, chest 
pain, chest pressure, chest discomfort or other anginal 
equivalents including subscapular pain and throat discomfort, 
for example, should also be used in the overall evaluation of 
the positivity or negativity of an exercise test. 

3. Because the patients were known to have coronary artery 
disease, fluoroscopic examination for calcium would have been 
a simple noninvasive tool to help in the evaluation of the major 
left coronary arteries. The finding of calcification in the area 
of the left anterior descending coronary artery, circumflex or 
left main coronary artery, although not 100 percent diagnostic, 
would at least alert the physician as to the possibility and 


. probability of left coronary artery disease. This may then help 
identify the subset of patients who are at greatest risk of 
. sudden death or subsequent myocardial infarction. 


4. The use of echocardiography may also be of value in 
defining the motion of the ventricular system and the possi- 
bility of left coronary artery disease.* 

The realization that one can anticipate a 5 year mortality 
rate of 50 to 75 percent for nearly two thirds of all patients 
with isolated inferior infarction certainly elucidates the im- 


- portance of defining the severity of the coronary artery disease 


in these patients. With use of the exercise evaluation and all 
the variables mentioned, the noninvasive clinical data may 
be better predictors than Miller indicates. I am not decrying 
the use of angiography to define coronary arterial pathoana- 
tomy; however, use of these noninvasive methods to select the 
subset with the greatest risk of disease of the left coronary 
arterial system would place less burden on the angiographers 
who must perform these procedures and, at the same time, 
justify the minor risk and the psychosocial and economic 
impact of the procedure. Should the emphasis be placed on 


A noninvasive procedures, we may eventually be fortunate 


enough to identify those persons at high risk whose coronary 
pathologic anatomy could be defined and appropriate mea- 
sures taken to increase both the quality and quantity of 
life. 

Joseph P. Liss, Jr., MD, FACC 

Exercise Laboratory 

Saint Francis Hospital and Medical Center 

Hartford, Connecticut 

and 

Department of Medicine 

University of Connecticut 

School of Medicine 

Farmington, Connecticut 
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Improved noninvasive techniques are needed to define the 
high risk subgroup of patients with inferior myocardial in- 
farction that we recently described. Unfortunately, the 
available techniques are not sufficiently sensitive to define 
all patients with the common circumstance of severe right 
coronary disease (responsible for tne inferior myocardial in- 
farction) and associated lesions of the left anterior descending 
or circumflex coronary artery, or both. Single lead electro- 
cardiography during exercise is inadequate. However, Elles- 
tad! has stated that virtually all S- T segment information is 
found in leads II, aVF and V;ito| Vg. Further, Froelicher et al.? 
have suggested that leads V4 and Vg are not abnormal in the 
presence of a normal lead V5 or CC; and, further, that visual 
interpretation indicates close agreement between precordial 
lead V5 and bipolar lead CC;5, whereas bipolar lead CM; ap- 
pears to be less sensitive than either V5 or CC;. In contrast, 
Blackburn et al.? found lead CM; to be most sensitive. Thus, 
there is considerable controversy concerning the optimal lead 
system and furthermore, although computerized evaluation 
of S-T segment slopes from multiple bipolar and conventional 
leads may ultimately provide the most specific and sensitive 
assessment of electrocardiographic stress response, there are 
considerable data to support the use of a multiple lead system 
that includes an inferior lead and lead Vs. cn 

We agree that all available clinical criteria in addition to S-T 
alterations should be utilized in assessing the response to 
exercise. However, the occurrence of angina is clearly a sub- 
jective event, and the presence of exercise-induced chest pain 
in patients with prior inferior myocardial infarction and oc- 
clusive disease of either the right coronary artery or the cir- 
cumflex coronary arterial system may be nonspecific relative 
to additional anterior or lateral wall ischemia consequent to 
left anterior descending coronary artery disease. The impor- 
tant question is: Does the absence of exercise-induced chest 
pain in the presence of an inferior myocardial infarction rule 
out additional significant disease of the left coronary arterial 
system? 

Our recent findings^ indicate that 47 percent of patients 
with documented two vessel coronary disease and 23 percent 
of patients with documented three vessel disease may have 
no exercise-induced chest pain. Additionally, the heart rate- 
blood pressure product obtained at maximal exercise in pa- 
tients with documented disease of both the left anterior de- 
scending and right coronary arteries was not significantly 
different from that of patients with disease confined to the 
right coronary artery.* 

The finding of calcification in the area of the proximal left 
coronary artery should alert the physician to the possibility 
of left coronary artery disease. However, in our relatively 


young patients (mean age 52 years) the absence of left Monge ae 
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nary arterial calcification is certainly a nonspecific finding. 
Moreover, although coronary arterial calcification indicates 
disease of the vessel wall, it does not always indicate important 
stenotic lesions. 

Finally, concerning the use of echocardiography to identify 
abnormal septal motion that may serve as a marker of left 
anterior descending coronary disease, Gordon and Kerber® 
recently suggested that abnormal septal motion in patients 
with coronary disease and no other cause for abnormal septal 
motion is relatively specific for lesions of the left anterior 
descending coronary artery. However, the technique is quite 
insensitive because 54 percent of patients with such lesions 


“ws have normal septal motion. 


In conclusion, continued efforts should be made to improve 
the specificity and sensitivity of noninvasive means of iden- 
tifying patients at high risk for accelerated mortality related 
to coronary disease. The great advances in the resting and 
exercise thallium-201 myocardial perfusion scans may afford 
a means of identifying the high risk subgroup of patients who 
have prior inferior myocardial infarction and, in addition, have 
stenosis of the proximal left coronary arteries. 

Richard R. Miller, MD, FACC 
Department of Medicine 
Section of Cardiology 
Baylor College of Medicine 
The Methodist Hospital 
Houston, Texas 
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DELAYED RETURN OF ELECTROCARDIOGRAPHIC 
TRACING AFTER DEFIBRILLATORY ELECTRIC SHOCK 
CAUSED BY ELECTROCARDIOGRAPHIC MONITOR/ 
ELECTRODE INCOMPATIBILITIES 


A very subtle and serious hazard is present when certain types 
of monitoring electrodes are used with certain types of elec- 
trocardiographic monitors and recorders. The consequence 
occurs immediately after defibrillation or cardioversion and 
appears as one or more effects: (1) excessive delay of return 
of the electrocardiographic tracing to the monitor screen or 
recorder; (2) loss of the electrocardiographic signal from the 
tracing with the latter erroneously appearing as a straight line; 
and (3) distorted or reduced size of the electrocardiographic 
tracing. These effects occur when the monitor and electrodes 


., are incompatible with each other. They may also occur with 
. monitoring methods that monitor through the paddles, ap- 


pearing when the electrode paste, paddle metal and the 
monitor are incompatible. Not all manufacturers of monitors, 
recorders and electrodes are fully aware of these incompati- 
bilities; thus, use of their product with other products they 
may recommend does not necessarily assure compatibility. 
Monitoring electrodes: During an electric defibrillatory 
shock, a portion of the electric current flows through the 
patient monitoring electrodes and causes electrochemical 
reaetions within the electrodes. These reactions charge the 


a ae much as a battery is charged, and produce in the 


t KT Tes bith? of as nt LE TUN 
AX ». SA Í 3 H > 4 

x 7 x a : 

, 4 


electrodes small voltages that persist after defibrillation. 
These voltages and the electrocardiographic voltage are re- 
ceived by the monitor. Although the monitor displays only the 
electrocardiogram, the monitor must be capable of handling 
the electrode voltages. If the electrode voltages are larger than 
this capability, the monitor cannot function properly and the 
electrocardiographic signal is distorted or blocked. The elec- 
trical input resistance of the monitor drains charge from the 
electrodes, gradually reducing their voltages. For the period 
that the electrode voltages are in excess of the capability of 
the monitor, the monitor does not operate properly. 

Monitoring “through the paddles”: An analogous sit- 
uation occurs with some monitoring systems that monitor 
“through the paddles.” During an electric defibrillatory shock, 
the electric current causes electrochemical reactions and small 
electrode voltages in the paddle-paste interfaces. Immediately 
after the shock, the paddles are switched to connect them to 
the monitor, and the electrode voltages, combined with the 
electrocardiogram, are received by the monitor. 

Electrode voltage characteristics: The quantity of 
charge accumulated within an electrode and its resultant 
voltage are determined chiefly by the composition of the 
electrode. The rate at which the charge is dissipated depends 
on the electrode composition and the input resistance of the 
monitor. Some electrodes produce voltages that persist above 
400 mv for more than 30 seconds when used with monitors 
having typical input resistance levels. Others decrease to less 
than 100 mv in 5 seconds. Various brands and models of 


, monitors and recorders have different capabilities for handling 


the electrode voltages. Some may function well with up to 
1,000 mv, but others cannot function with more than 140 mv. 
Whenever high millivoltage electrodes are used with monitors 
having low millivoltage capabilities, a prolonged loss of the 
electrocardiogram may be expected. 

No single specification of a monitor uniquely indicates the 
capability of a monitor to tolerate the electrode voltages, but 
for most monitors the “maximal differential direct current 
offset voltage” is the limiting characteristic; electrode voltages 
in excess of this maximum will interfere with function. If this 
specification is not given in the operator’s manual, it can 
usually be obtained from the manufacturer. Electrode man- 
ufacturers do not generally publish electrode voltage char- 
acteristics, but such information may be available upon re- 
quest. 

Recommendations: (1) Medical organizations experiencing 
these problems should consider seeking alternate types of 
electrodes known to have low electrode voltages after defi- 
brillatory shocks. (2) Equipment specifications should be 
checked or measured to identify monitors that are compatible 
only with certain electrodes. Some operator’s manuals may 
indicate electrode requirements. (3) Some electrode manu- 
facturers produce two grades of electrodes that are similar in 
appearance and packaging. New shipments should always be 
carefully checked. 

Finally, certain monitors and recorders have selectable filter 
settings for “monitor” and “diagnostic” modes. The “monitor” 
setting should be used during defibrillatory procedures be- 
cause this setting permits more rapid compensation for elec- 
trode voltages when the voltages are within the normal oper- 
ating range of the monitor or recorder. Recorders having only 
diagnostic filter characteristics are usually not ideal for defi- 
brillatory procedures. 


John R. Buysman, PhD 

Surgical Service Research Laboratory 
Veterans Administration Hospital 

Des Moines, lowa 
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ATROPINE AND SINUS NODAL 
RECOVERY TIME 


The excellent article by Reiffel et al.! very clearly underlines 
the difficulty of attaining simultaneous high sensitivity and 
specificity in the assessment of sinus nodal dysfunction. We 
also have been convinced of the utility of combining Holter 
electrocardiographic recording with functional testing. 
Moreover, we recently started plotting the value of sinus nodal 
recovery time on the regression equation proposed by 
Scheinman et al.? in an effort to improve the accuracy of the 
classic corrected sinus nodal recovery time. In addition, we 
now systematically submit every patient studied for possible 
sinus nodal dysfunction to the atropine test, including mea- 
surement of sinus nodal recovery time before and after atro- 
pine. This appears to be especially useful in patients whose 
sinus nodal recovery time cannot be readily estimated because 


- of junctional escape beats arising first during postpacing 


depression. In such cases, we consider the absence of response 
to atropine a valuable indication for permanent pacemaker 
insertion if the patient is symptomatic, even when Holter 
recording analysis is not contributory. In contrast, in the 
presence of a normal Holter recording, normal sinus nodal 
recovery time according to Scheinman's equation and a nor- 
mal response to atropine in a patient with symptoms com- 
patible with sinus nodal dysfunction, we recommend explo- 
ration of other possible causes of dizzy spells. 

Philippe L. Schoenfeld, MD 

Coronary Care Unit 

Ixelles Hospital 

Brussels, Belgium 
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In the conclusion of our paper, we suggested that additional 
maneuvers, such as tests of response to atropine, may improve 
ability to distinguish abnormal sinus nodal function from 
normal nodal behavior. Schoenfeld extends our discussion 
proposing atropine tests and use of the regression equation 
of Scheinman et al. for interpreting sinus nodal recovery time. 
We are encouraged by the preliminary results of these ap- 
proaches but offer a note of caution about the interpretation 
of the latter two techniques. 

Atropine: We find, as did Mandel et al.,! that a few patients 
with clearly established sick sinus syndrome have a subnormal 
increase in sinus rate after atropine. Until we criticized the 
practice, a single dose of 1 mg was the most prevalent atropine 
test for sinus nodal dysfunction. More recently, several in- 
vestigators have used larger single doses, such as 0.04 mg/kg, 
hoping to achieve maximal cholinergic blockade. The 1 mg test 
can produce from 20 to 100 percent cholinergic blockade; the 
0.04 mg/kg dose will nearly always produce maximal blockade 
but does not identify shifts in the heart rate response on the 
X axis of the dose-response curve. For the past 2 years, we 
have used full atropine dose-response curves for sinus nodal 
testing. This method permits us to determine: (1) the median 
effective dose for atropine, and (2) the heart rate (and its 
change) at maximal cholinergic blockade. This test removes 
the uncertainties associated with other methods of testing. 
Abnormal atropine dose-response curves do identify sinus 
nodal dysfunction. The converse is not true; a normal test can 
indicate that sinus dysfunction receives an important con- 
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tribution from autonomic factors. One other caution should 
be sounded for atropine testing of sinus nodal function: Ter- 
mination of atrial pacing or spontaneous cessation of spon- 
taneous atrial tachyarrhythmias can be followed by a very long 
sinus nodal recovery time after atropinization.? 

Regression equations for sinus nodal recovery time: As 
with atropine, there are difficulties in applying Scheinman’s 
regression equation for sinus nodal recovery time. This re- 
gression equation was derived by pacing at two rates, 100 and 
130 beats/min, in patients who had a normal heart rate. To 
apply the equation to patients with sinus bradycardia requires 
extrapolation of the regression line beyond the data points. 


omatic. It is quite uncertain whether sinus bradycardia as- 


precum 


The risk of such extrapolations in regression analysis is axi- f . 


sociated with sick sinus syndrome is significantly different 
from sinus bradycardia associated with excess vagal tone, 
hypothyroidism, antihypertensive drugs or other factors. 
Another problem is that patients with sick sinus syndrome 
reach their maximal sinus nodal recovery time at pacing rates 
lower than those used to generate the data for Scheinman’s 
regression equation.** It is yet to be demonstrated that the 
regression approach as currently practiced will be sensitive 
and specific for predicting normal responses in patients with 
a slow heart rate. On the basis of the considerations briefly 
discussed here, we rather doubt it. ( 

Our preceding remarks should not be construed as dis- 
couraging further attempts to refine the ability to recognize 
ainus nodal function in man. Quite the contrary. However, we 
do urge considerable circumspection in evaluating new tests 
proposed for this purpose. 

James A. Reiffel, MD, FACC 
J. Thomas Bigger, Jr., MD, FACC 
Department of Medicine 


College of Physicians and Surgeons . 


New York, New York 
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VERAPAMIL AND SUDDEN DEATH 


Corday et al.! suggest that verapamil, which specifically in- 
hibits calcium uptake by the cell membrane, may prevent 
reentrant arrhythmias by blocking development of the cal- 
cium-dependent slow response action potential. They also 
quote Kaumann and Aramendia,? who found that 90 percent 
of dogs pretreated with verapamil were protected from ven- 
tricular fibrillation after acute coronary occlusion. Apparently 
they consider the administration of verapamil a promising 
approach to the problem of prevention of sudden death. 


In fact, experimental data and human pathologic studies . 


have shown that the drug is highly effective in the control of 
ventricular arrhythmias of ischemic myocardium. We? have 
administered verapamil intravenously to 12 patients with 
uncomplicated acute myocardial infarction who had persistent 
frequent ventricular premature complexes in the first 48 hours 


of illness. In all but one patient the drug quickly and defini- ' 


tively abolished the arrhythmia. This experience is too small 
to permit general conclusions, particularly in relation to 
prevention of sudden death, but it undoubtedly indicates €hat 


verapamil is effective in acute myocardial ischemia, a aipania 
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in which ventricular arrhythmias are related to partly depo- 
larized cells.4 ; 

Probably there are othér clinical situations in which ven- 
tricular premature complexes are responsive to verapamil 
because they are related to slow responses of fast cells. Nev- 
ertheless, because it seems improbable that a fast cardiac fiber 
maintains a steady abnormal condition of slow response, these 
ought to be all situations in which acute cell damage is present. 
In the future might the responsiveness of ventricular extra- 
systoles to verapamil have some diagnostic implications for 
individuating these situations? 

PierFilippo Fazzini 
Francesco Marchi 

Paolo Pucci 

Department of Cardiology 
Arcispedale S. Maria Nuova 
Florence, Italy 
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LOWN'S UNUSUAL CASE OF 
EFFORT ANGINA 


Lown! has summarized the clinical evidence in effort angina 
that is inconsistent with the direct arteriosclerotic cause of 
this disorder and has illuminated these data with a com- 
passionately recounted case report of a man with unusual 
effort angina. After initial effort caused chest pain, the patient 
sometimes felt a “switching of gears” and then could literally 
climb mountains. Conversely, by miscounting crossings during 
a Master's two-step test, it was possible to induce chest pain 
before the patient's usual tolerance limits were reached. To 
this observer, these apparently contradictory events are evi- 
dence for a dynamic and complex mechanism and are in favor 
of vasospasm. 

Before we consider spasm as an explanation for the com- 
fusing features of effort angina, it seems mandatory to explain 
how spasm might cause the typical attributes of this disorder. 
How can stenotic coronary disease result in spasm, and how 
can spasm explain a quantitative relation between effort and 
angina? 

Our explanation for angina,” including angina induced by 
effort, is based on the view that chronic myocardial damage 
from stenotic coronary artery disease favors the development 
of reflex injury-spasm. In effort angina, exertion causes the 
additional insult of acute myocardial ischemic injury, which 
then triggers the inappropriate injury reaction. (It is enigmatic 
‘how attacks of spasm are triggered in angina developing at 
rest.) In effort angina, the relation between the amount of 
exertion and the onset of chest pain is explained by the level 
of acute ischemic injury necessary to incite spasm. Also, for 
the same degree of coronary obstruction, the threshold for 
spasm varies from person to person, and many persons with 
severe coronary disease never experience angina. 

The pathophysiology of coronary arterial spasm might be 
understood from the standpoint of the autoregulation of 
coronary blood flow. With myocardial ischemia, vasodilative 
metabolites are produced, and this is the basis of the anoxic- 


D teneat mechanism for correcting ischemia. Therefore 
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exertion in the presence of severe coronary artery disease 
should result in vasodilation. However, there also is a tendency 
toward the development of acute ischemic injury, which is 
vasoconstrictive. The occurrence of angina thus represents 


a dominance of vasoconstrictive over vasodilative forces. Also, — 


once spasm develops, dynamics are altered. As spasm itself 
causes more ischemia, new and possibly differing levels of 
vasodilative and vasoconstrictive forces occur. Two directions 
seem possible. If injury-vasospasm continues to overbalance 
vasodilation, spasm is perpetuated and infarction ensues. If 
vasodilation supervenes, the attack of spasm is terminated. 
The anoxic-feedback mechanism is dose-dependent, and 
higher levels of ischemia probably are effective in reversing 
spasm. It is likely that the spontaneous relief of angina is re- 
lated to the development of sufficient vasoactive metabolites 
to correct spasm. | 
In Lown's unusual case of effort angina,! after initial exer- 
tion caused chest pain, the ability to “switch gears" and then 
engage in strenuous exercise seems related to a beneficial 
dominance of vasodilative over vasoconstrictive forces at 


higher levels of ischemia. As Lown suggests, it is likely that — E 
the premature onset of angina with the miscounted Masters 
two-step test was due to an alteration of the autonomic ner- | 


vous system by psychologic conditioning. This was expressed 


by a tendency for vasoconstriction which tipped the balance — j 
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so that spasm occurred at a lower level of myocardial ischemia. 


Consistent with this view, a preponderance of parasympa- 
thetic activity has been suggested in infarction? and in variant 
angina.? 

Coronary arterial autoregulation might provide the focus 


for an integrative pathogenetic mechanism for both the ar- _ 


teriosclerotic and psychologic factors in ischemic heart disease. | 


The autonomic nervous system can be considered a secondary — . 


type of coronary arterial autoregulation,” operating through 
the coronary plexuses that innervate coronary arteries, and 
functioning in conjunction with the anoxic-feedback mecha- 
nism. A dual and cooperating system of coronary autoregu- 
lation provides a unifying link for the expression of both 
pathologic and psychic factors by the final common pathway 
of coronary arterial spasm. 


H. Richard Hellstrom, MD, FACC 


University of Pittsburgh School of Medicine ^ 
E 


and Laboratory Service 
Veterans Administration Hospital 
Pittsburgh, Pennsylvania 
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The injury-vasospasm hypothesis that Helstrom propounds 
and has reviewed in some detail in a recent communication 


(his Ref. 2) is an attractive formulation that deserves serious 


consideration. Coronary arterial vasospasm, as an explanation 
for angina pectoris, is more consistent with clinical observa- 
tions than the concept of myocardial hypoxia resulting from 
a mismatch between myocardial supply and demand. This 
latter viewpoint has gained sanction by frequent repetition 
and has been staunchly held since it was first promulgated by 
Keefer and Resnick! some 50 years ago. 

Certainly in the patient I reported on the vagaries in oc- 
currence of anginal episodes do not easily reconcile with the 
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belief that the chest discomfort originated in altered hemo- 
dynamic loads buffeting a myocardium underperfused be- 
cause of extensive and fixed coronary arterial stenosis. 

However, the theory of vasospasm, even when one brings 
on the stage the deus ex machina of autoregulatory feedback 
modulated by as yet undefined substances, leaves much 
unexplained. Why do some patients with extensive coronary 
artery disease never experience angina, while others with 
lesser involvement are severely disabled? The balancing be- 
tween vasoconstrictor and vasodilator metabolites may indeed 
be true. But there is a need to identify these substances pre- 
cisely as well as to define their specific triggers. 

Current investigative work promises early clarification of 
the many factors that may be responsible for angina pectoris. 
But we need not limit ourselves to one outlook. For example, 


it is conceivable that transient platelet aggregates may induce 


vascular narrowing. In this context, the recent report by Folts 
and co-workers? is highly relevant. They demonstrated a cyclic 
reduction in coronary arterial flow to near zero in a vessel with 


. fixed narrowing. The alterations in flow were due to platelet 
` aggregations and disaggregations. Earlier, Jorgensen and as- 


sociates? found that intracoronary injection of adenosine di- 
phosphate in swine caused profound myocardial ischemic 
lesions that were preventable by prior induction of throm- 
bocytopenia. It is now evident that platelets may release 


- powerful vasoconstrictors like thromboxane A», while vascular 
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endothelium liberates another prostaglandin, prostacyclin, 
that disaggregates platelets and relaxes arterial smooth 
muscle. 

'These important findings, I believe, still require the inter- 
play of neural and neurohumoral factors if we are to account 


— for the diverse clinical aspects of angina pectoris. In this 
= context, it is significant that psychologic or physical stresses 
- that release catecholamines into the circulation induce platelet 


aggregation in coronary arteries with ensuing myocardial le- 
sions.* The syndrome so eloquently described by Heberden 
2 centuries ago at last may yield the secret of its mecha- 
nisms. 
Bernard Lown, MD, FACC 
Department of Nutrition 
Harvard University 
School of Public Health 
Boston, Massachusetts 
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SEPTAL PERFORATOR COMPRESSION IN IDIOPATHIC 
HYPERTROPHIC SUBAORTIC STENOSIS 


We have analyzed 500 consecutive coronary arteriograms 
for the presence of septal perforator compression,! and our 
results are somewhat different from those of Pichard et al.? 
Like the latter, we found septal perforator compression in all 
17 patients with idiopathic cardiomyopathy with idiopathic 
hypertrophic subaortic stenosis included in our series. How- 
ever, we also observed this phenomenon in 4 of 10 patients 
with hypertrophic cardiomyopathy without obstruction, 11 
of 18 patients with severe aortic stenosis (peak systolic gra- 
dient more than 70 mm Hg) (Fig. 1) and 3 of 17 patients with 
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FIGURE 1. Septal perforator compression in a patient with severe aortic valve stenosis. 
Upper frame, systole. Lower frame, diastole. Note that the septal perforators that are visible 
during diastole (lower frame, arrow) disappear during systole. 


mild or moderate aortic stenosis (peak systolic gradient less 
than 70 mm Hg). In addition, septal perforation compression 
was present in 4 of 17 patients with myocardial bridge and in 
4 of 40 patients with subtotal occlusion (more than 95 percent 
stenosis) of the proximal left anterior descending coronary 
artery. It was not present in any of the 58 patients with a 
normal heart and normal coronary arteries, 4 patients with 
marked pulmonary hypertension (pulmonary arterial pressure 
at systemic levels) or 419 patients with other heart disease, 
including coronary artery disease, rheumatic heart disease, 
congenital heart disease, myocardial disease and cardiac tu- 
mors. 

Septal perforator compression is thus seen not only in 
patients with idiopathic hypertrophic subaortic stenosis and 
cardiomyopathy, as suggested by the data of Pichard et al.,?? 
but in those with a variety of cardiac conditions including 
aortic stenosis, myocardial bridge and critical stenosis of the 
left anterior descending coronary artery. These observations 
and the absence of septal perforation compression in patients 
with right ventricular pressure at systemic levels, in whom 
intramyocardial pressure would be similar across the septum, 
argue against the theory that the abnormal septal anatomy 
of idiopathic hypertrophic subaortic stenosis is the sole cause 
of this phenomenon. It appears that a decrease of the in- 
traluminal septal perforator pressure due to an obstructfon 


at the subaortic, aortic valve or coronary arterial level pre* p, ` 
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disposes to this phenomenon, which may be further facilitated 
by the abnormal septal anatomy of idiopathic hypertrophic 
subaortic stenosis or other conditions affecting the intra- 
ventricular septum. 

John B. Kostis, MD, FACC 
Abel E. Moreyra, MD 
College of Medicine and 
Dentistry of New Jersey 
Rutgers Medical School 
Piscataway, New Jersey 


Y 1. Kostis JB, Moreyra AE, Natarajan N, et al: “Septal squeeze." A coronary arteriographic 


clue to the diagnosis of IHSS (abstr). Proc International Congress of Cardiovascular 
Surgery, Athens, Greece, June 1977, p 115 

2. Pichard AD, Meller J, Teichholz LE, et al: Septal perforator compression (narrowing) 
in idiopathic hypertropic subaortic stenosis. Am J Cardiol 40:310-314, 1977 

3. Pichard A, Meller J, Teichholz L, et al: Septal perforator compression in idiopathic 
hypertrophic subaortic stenosis: a patho-physiologic maker (abstr). Circulation 54: Suppl 

I:1—105, 1976 


REPLY 


After receiving the letter from Kostis and Moreyra, I went 
to their cardiac laboratory and personally reviewed examples 
of their cases of aortic stenosis and coronary disease with 
septal perforator compression. Their patients did manifest 
septal perforator compression although it was by no means 
as prominent as the phenomenon seen in idiopathic hyper- 
trophic subaortic stenosis. All of their patients with aortic 
stenosis and septal compression had marked left ventricular 
hypertrophy in addition to hypercontractility with a con- 
traction pattern identical to that seen in idiopathic hyper- 
trophic subaortic stenosis. 

This has not been our experience. In the last 40 consecutive 
cases of aortic stenosis, we have not seen septal perforator 
compression. We do have one patient in our earlier series with 
aortic stenosis and minimal septal perforator compression. 
This discordance appears most interesting. We hope that 
future research will explain the underlying mechanism of the 
visual phenomenon of septal perforator compression. 


Augusto Pichard, MD 
The Mount Sinai Hospital 
New York, New York 


CLINICAL CORRELATES OF LEFT VENTRICULAR 
CAVITY OBLITERATION 


The article by Raizner et al.! would have benefited by the 
addition of a master table describing each individual patient. 
It is now impossible to trace any individual patient, and some 
points are not clear. For example, what were the characteris- 
tics of the patients who presented systolic anterior motion, 
and did these patients happen to be the ones who also had 
mitral regurgitation? Which patients showed mitral valve 


. prolapse—the ones with asymmetric septal hypertrophy or 


the ones without it? Also, the text states that nine patients had 
the Brockenbrough phenomenon, but I could trace only seven. 
Probably the missing two belonged to the group of patients 
that did not have satisfactory echocardiograms, but I would 
have liked to know their hemodynamic status. In addition, it 


` would have been interesting to know the response of the left 


r 
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PY 


ventricular end-diastolic pressure to angiographic stress and 
what the carotid or aortic tracings looked like. Did patients 
with cavity obliteration and no asymmetric septal hyper- 


trophy also have bisferiens pulses? 
^ 
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LETTERS TO THE EDITOR 


Finally, their discussion of the mechanism of the postex- 


trasystolic beat phenomenon in cavity-obliterating ventricles 
(impaired ventricular filling leading to less postextrasystolic 
diastolic stretch and maximal or near maximal ejection frac- 
tion during sinus rhythm minimizing any inotropic en- 
hancement that may follow the premature complex), leads me 
to the opposite conclusion, that is, that the postextrasystolic 
beat phenomenon should not occur. Still, it does occur; thus, 
there is something wrong in the logic of the explanation; 
perhaps, there is good diastolic filling after a premature 
complex, after all. Reviewing the echocardiograms might show 
some premature ventricular complexes occurring while the 
left ventricular cavity was being visualized. The recently de- 
scribed noninvasive technique for evaluating postextrasystolic 
potentiation with echocardiography should be of help on this 
point. 

J. E. Val-Mejias, MD 

Division of Cardiology 

Saint Louis University School of Medicine 

Saint Louis, Missouri 
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REPLY 


The manuscript as originally submitted did contain a master 
table; however, this was changed to a summary table at the 


suggestion of reviewers who believed, appropriately, that the — 


master table was somewhat tedious. Nevertheless, I think we 
can clarify some specific points of information. 

1. Of the three patients with systolic anterior motion of the 
anterior leaflet of the mitral valve, two had resting intraven- 
tricular pressure gradients (one of whom also had a transvalve 
aortic stenosis gradient) and all three had symmetric septal 
hypertrophy (septum to posterior wall ratio less than 1.3). 
Mitral regurgitation was not observed in these three pa- 
tients. 

2. Among the patients with angiographic mitral valve pro- 
lapse, echocardiographic data in four revealed symmetric 
(three) and asymmetric (one) septal hypertrophy. In patients 
with cavity obliteration, the mitral valve apparatus, although 
normal, may be disproportionately large for the obliterated 
cavity, resulting in mitral prolapse. 

3. The Brockenbrough, or postextrasystolic beat, phe- 
nomenon was seen in nine patients. As Val-Mejias points out, 
echocardiographic data were not available in two patients. 
These two patients had no intraventricular pressure gradient, 
and their findings further reinforce the suggestion that cavity 
obliteration in itself, without obstructive phenomena, might 
have important hemodynamic significance. 

4. Left ventricular end-diastolic pressure after angiography 
ranged from 7 to 30 mmHg (mean 18.6 + 1.5 mm Hg). Thir- 
teen of the 24 patients manifested an abnormally elevated 
(greater than 18 mm Hg) postangiographic left ventricular 
end-diastolic pressure. 

5. We did not systematically record external carotid pulse 
tracings; hence we do not have data ralative to the incidence 
of this finding. 

Clearly, many fascinating clinical correlations may be made 
in a study of this sort. It would be impossible to discuss all such 
correlations in a readable paper. We hope we have provided 
some of the specific information requested. 
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' LETTERS TO THE EDITOR' 


The final point reflects a question of nomenclature. The 
postextrasystolic beat phenomenon is synonymous with the 
Brockenbrough phenomenon and is defined as a decrease in 
the arterial pulse pressure in the sinus beat following an ex- 
trasystole.! Thus, it is an abnormal finding that has been said 
to be relatively specific for idiopathic hypertorphic subaortic 
stenosis, but which we have found in patients with cavity 
obliteration who do not have other evidence of idiopathic 
hypertrophic subaortic stenosis. 

Albert E. Raizner, MD, FACC 
Robert A. Chahine, MD, FACC 
Tetsuo Ishimori, MD 

Mahir Awdeh, MD 

Cardiology Section 

Baylor College of Medicine 
Houston, Texas 


Reference 


1. Brockenbrough EC, Braunwald E, Morrow AG: A hemodynamic technic for the detection 
of hypertrophic subaortic stenosis. Circulation 23:189- 194, 1961 


LEUKOCYTIC SCINTIGRAPHY AFTER CARDIAC 
TRANSPLANTATION 


Weiss et al.! recently reported a technique for imaging of the 
inflammatory response in ischemic myocardium with !!!in- 
dium-labeled leukocytes. They suggest that, in addition to 
detection of myocardial infarction, this technique may prove 
useful in detecting bacterial endocarditis, myocarditis and 
pericarditis. Another potentially useful application they did 
not mention might be detection of acute rejection in patients 
with a cardiac transplant. Current noninvasive techniques for 


diagnosing this process are relatively nonspecific. Endomy- 
ocardial biopsy, the current procedure of choice for definitive 
diagnosis, is an invasive procedure with some risk. Therefore, 
leukocytic scintigraphy might be a useful addition to the di- 
agnostic tools for managing patients after cardiac transplan- 
tation. 


Richard F. Gillum, MD 
Laboratory of Physical Hygiene 
School of Public Health 
Minneapolis, Minnesota 
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REPLY 


We concur that scintigraphy with labeled leukocytes, and for 
that matter other cell types, may be useful in evaluating 
possible rejection among patients with a cardiac transplant. 
As we indicated in our paper, the technique was developed not 
only to evaluate ischemic myocardium, but also to provide a 
new tool for assessing cell responses within the heart to a va- 
riety of pathophysiologic conditions. The one Gillum suggests 
is indeed attractive and appears to merit objective evaluation 
in experimental animals and possibly in man. 

Burton E. Sobel, MD, FACC 

Cardiovascular Division 

Washington University School of Medicine 

Saint Louis, Missouri 
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AMERICAN COLLEGE OF CARDIOLOGY NEWS 





CALENDAR OF EXTRAMURAL PROGRAMS 





The aim of each program is to increase the 
theoretical and practical knowledge of the 
normal and abnormal function of the cardio- 
vascular system in man. Most of the programs 
are pertinent to direct care of patients with 
heart disease. The need for such programs 
increases with the ever increasing amount of 
scientific and clinical data, the constant 
changes in technology and methodology, and 
the greater availability of therapeutic options. 
Today most cardiologists, internists and family 
practitioners feel the need of supplementing 
their professional reading by direct contact 
with the authors, research workers and leaders 
in the field. 

To solve these problems the Committee 
selects each year series of carefully super- 


vised programs which are usually preceded by 
extensive consultations with the program di- 
rectors recruited among the foremost spe- 
cialists, educators and scientists in the field of 
clinical cardiology and allied basic science 
disciplines. 

Although each program director is person- 
ally responsible for the choice of faculty, and 
the structure of the program, the National 
Committee of Continuing Education assumes 
the overall responsibility for the caliber of the 
postgraduate education and the relevance to 
the practice of cardiology. This is accom- 
plished by the processes of meticulous scru- 
tiny of the objectives, analysis of the educa- 
tional methods, and studying the impact of 
each course on the knowledge and attitudes 


of the participants. 

These programs should help each physician 
to keep up with the new knowledge, to put into 
practice the new advances and to retract 
gracefully from the obsolete and useless 
practices. An effective practitioner must learn 
and relearn, listen to new ideas, share past 
experiences and observe the work of his 
peers. The National Program Committee for 
Continuing Medical Education of the American 
College of Cardiology believes that these goals 
can be accomplished by all members and 
nonmember professionals participating in our 
continuing education programs. 

Borys Surawicz, MD, FACC, Chairman 
National Program Committee 


Programs and faculty are subject to change. For further information write Mary Anne Mclnerny, Director, Extramural Programs Department, Division 
of Continuing Education, American College of Cardiology, Heart House, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 





SEPTEMBER 1978 THROUGH OCTOBER 1978 





To be Preceptorships in Cardiology. Ar- 
arranged thur Selzer, FACC, director, Pacific 


individ- Medical Center, San Francisco, 
ually CA 
SEPT. The Clinical Pharmacology of 


7-9 Cardiovascular Drugs. William B. 
Abrams, FACC, Albert N. Brest, 
FACC, Richard O. Davies, FACC 
and Roger F. Ferguson, co-direc- 
tors. Marriott Motor Hotel, Phila- 
delphia, PA 


SEPT. 
11-14 


Electrocardiography: Core Cur- 
riculum and Self-Assessment. Paul 
L. McHenry, FACC, director and 
Charles Fisch, FACC, co-director. 
Myers Auditorium, Wishard Memo- 
rial Hospital, Indiana University 
Medical Center, Indianapolis, IN 


Electrocardiography: Core Cur- 
riculum and Self-Assessment. Ar- 
thur Selzer, FACC, director. Golden 


Gateway Holiday Inn, San Francis- 
co, CA 


SEPT. 
27-29 


Advanced Echocardiography. 
Harvey Feigenbaum, FACC, direc- 
tor and Betty C. Corya, James C. 
Dillon, FACC and Arthur E. Wey- 
man, FACC, co-directors. India- 
napolis Hilton Hotel, Indianapolis, 
IN 


OCT. Cardiology Update—1978. Wil- 


12-14 liam W. Parmley, FACC and Kanu 
Chatterjee, FACC, directors. Del 
Monte Hyatt House, Monterey, CA 
OCT. Geriatric Cardiology. Physiologic 
13-14 vs. Pathologic Aging of the Car- 


diovascular System: Clinical Ap- 
plications and Therapeutic Con- 
siderations. Borys Surawicz, FACC 
and Raymond Harris, FACC, direc- 
tors. Hyatt Regency Lexington, 
Lexington, KY 
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OCT. Cardiac Pacing. Doris J. W. Escher, 

18-20 FACC and Seymour Furman, FACC, 
directors. Waldorf-Astoria Hotel, 
New York, NY 

OCT. Valvular Disease—Practical Di- 

19-21 agnosis and Management. Peter C. 


Gazes, FACC, director and Charles 
P. Summerall Ill, FACC, Grady H. 
Hendrix, FACC, William H. Barnwell 
Il, FACC, Bruce W. Usher, FACC, J. 
Lindsay Leviner, Jr. and Robert G. 
Irvin, co-directors. Kiawah Island 
Inn, Kiawah Island, Charleston, 
SC 
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LEARNING CENTER: PROGRAM CALENDAR 


The American College of Cardiology's newest department, the Learning, 
Center, located at the College's Bethesda, Maryland headquarters, 
began operations last October with the offering of its first continuing 
medical education program for physicians with a specialty or an interest 
in cardiovascular medicine. The purpose of the Learning Center is to 
support the professional commitment to quality patient care by providing 


a new standard of excellence in cardiovascular continuing education. 
For additional information concerning the programs listed below or for 
a complete schedule of programs through December 1978, contact 
Program Coordinator, Learning Center, American College of Cardiology, 
9111 Old Georgetown Road, Bethesda, Maryland 20014. Telephone 
(301) 897-5400. 
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Month/Dates Course Director 


Title of Program 


, MonüvbDates OUEST 


September 25-27 Kenneth M. Rosen, MD, FACC 


October 4-6 Charles E. Rackley, MD, FACC 


October 19-21 Pravin M. Shah, MD, FACC 


October 23-25 Douglas P. Zipes, MD, FACC 


November 6-9 Ralph Shabetai, MD, FACC 


December 4-6 Borys Surawicz, MD, FACC 


December 11-13 Victor Parsonnet, MD, FACC 


Evaluation of Arrhythmias with His Bundle Recording and Cardiac Stimula- 
tion 


Clinical Evaluation and Treatment of Coronary Artery Disease 

Adult Echocardiography: Clinical Applications-M-Mode vs 2-Dimensional 
The Ubiquitous PVC: Sorting Out the Dilemma 

Management of Pericardial and Myocardial Disease 

Advanced Cardiac Electrophysiology and Electrocardiography 


Current Concepts in Pacing: An Individualized Seminar Approach 


28th ANNUAL SCIENTIFIC SESSION 
AMERICAN COLLEGE OF CARDIOLOGY 


Miami Beach, Florida 


e Absiracts 


March 11-15, 1979 


Entries must be postmarked no later than September 18, 1978 


e Technical Exhibits 


Deadline for requests for space: October 2, 1978 


e Scientific Exhibits 


Deadline for requests for space: October 2, 1978 


e Young Investigators’ Awards Competition 
Entries must be postmarked no later than November 1, 1978 


For application forms, write Patrick A. Ziarnik, Director, Annual Scientific Session Department, American College 
of Cardiology, Heart House, 9111 Old Georgetown Road, Bethesda, Maryland 200 14. 
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AMERICAN COLLEGE OF CARDIOLOGY 
Announces ... 
AFFILIATE IN TRAINING MEMBERSHIP 
For Physicians in Cardiovascular Related Training Programs 


Candidates for this membership category must be current full-time trainees in a recognized 
cardiovascular (adult, pediatric, surgical) related program in fulfillment of requirements for ad- 
mission to a subspecialty board examination which holds membership in the American Board 
of Medical Specialties. Upon completion of training and in order to maintain an affiliation with 
the College, the members are encouraged to apply to the Credentials Committee for status in 
one of the other three membership categories. 


The application for Affiliate in Training must be signed by the Director of the applicant's training 
program and two sponsors, both of whom must be Fellows of the College. One of the sponsors 
may be the Director of the training program, provided he is a Fellow of the College. The annual 
dues for an Affiliate in Training are $25.00. 

Advantages to the Affiliate in Training 
1. Subscription to The American Journal of Cardiology, the official journal of the College. 
2. Reduced fees for all educational programs of the College. 


3. Preference for enrollment in programs sponsored by the College with a limited registra- 
tion. 


4. Receipt of the quarterly publication, Cardiology, the newsletter of the College. 


5. Participation in all affairs of the College as a member rather than as a guest of the Col- 
lege. 


Those desiring an application form should write to Ms. Margaret E. Coffey, Director, Mem- 
bership Department, American College of Cardiology, 9111 Old Georgetown Road, Bethesda, 
Maryland 20014. 
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INSTRUCTIONS FOR AUTHORS 


The editors of THE AMERICAN JOURNAL OF CARDIOLOGY welcome con- 
cise articles devoted to cardiovascular disease. Articles must be contrib- 
uted solely to THE AMERICAN JOURNAL OF CARDIOLOGY and become the 
property of the Publisher. The Publisher reserves copyright and renewal on 
all published material, and such material may not be reproduced in any form 
without the written permission of the Publisher. Statements in articles are 
the responsibility of the authors. Authors will assist the editors in the prompt 
processing of manuscripts if these instructions are followed: 


THE WHOLE PAPER 


e Address manuscript to Managing Edi- 
tor, American Journal of Cardiology, 
666 Fifth Ave., New York, NY 10019. 

e Submit two copies of all elements of 
the article: text, references, legends, ta- 
bles and figures. 

e Arrange the paper in this order: (1) 
title page; (2) abstract; (3) text; (4) ref- 
erences; (5) legends; (6) tables; and (7) 
figures. 

e Number all pages in above se- 
quence, beginning with title page as 1, 
abstract as 2, etc. 

e Type all matter: (1) on 8% X 11 


= opaque white bond paper; (2) in dupli- 
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cate; (3) on one side of each sheet only; 
(4) double-space; (5) leave wide mar- 
gins, all four sides. 


THE TITLE PAGE 


e Include first names, degrees and, 


. where applicable, FACC for all authors. 


e Provide a short running title of 3 to 6 


* words. 


e Insert at bottom: name and address 
of institution from which work originated 
plus information about grants. 

e Add at bottom the phrase "Address 
for reprints: ...'"' followed by full name 
and address with zip code. 


THE ABSTRACT 


e Limit words as follows: 100 to 250 
words for major articles; 50 to 100 
words for case reports. 

e Add at end of abstract: list of 2 to 6 
key words and subjects for indexing. 


THE TEXT 


e Type in duplicate; double-space. 

e Do not use abbreviations such as 
SVC, WPW: write out superior vena 
cava, Wolff-Parkinson-White. 

e Abbreviate measurements (mm, kcal 
and the like) as recommended in the 
Style Manual for Biological Journals, 
American Institute of Biological Sci- 
ences, 3900 Wisconsin Avenue, N.W., 
Washington, D. C. 

e Cite in numerical order- every refer- 
ence, figure and table. (Order of men- 


tion in text determines the number given 
to each.) 

e Place acknowledgments at end of 
text, before references. 


THE REFERENCES 


e Type in duplicate; double-space. 

e Number the references in order in 
which they are mentioned in text. 

e Provide concluding páge numbers for 
all journal references and specific page 
numbers for all book references. Indi- 
cate all abstracts by the abbreviation 
(abstr). 

e Follow the general arrangement, ab- 
breviations | and punctuation styles 
shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 

e Number pages in sequence after last 
page of references. 

e identify at the end of each legend and 
in alphabetical order all abbreviations in 
the figure described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 





e Give each table a number (in roman 
numerals: Table |, Il, etc.) and a title. 
Number the tables in order in which 
they are mentioned in the text. 

e Provide a footnote to each table— 
identifying in alphabetical order all ab- 
breviations used. 


THE FIGURES 


e Submit 2 glossy prints (not originals) 
of each photo and drawing. 

e Please note that art work of pub- 
lished articles will not be returned. 

e Use black ink for all charts (line 
drawings). Make decimals, broken lines, 
etc. strong enough for reproduction. 

e Use arrows to designate special fea- 
tures. 

e Crop photomicrographs to show only 
essential field. 

e Identify figures on back by number 
and author's name. 

e Number figures in order in which they 
are mentioned in the text. 

e Indicate top of each figure. 

e Submit written permission from pub- 
lisher and author to reproduce any pre- 
viously published figures. 

e Limit figures to number necessary for 
clarity. The publisher allows a limited 
sum toward reproduction. 





Examples of Styles of References 


For periodicals, follow INDEX MEDICUS, listing a// authors: 


31. Vismara LA, Vera Z, Miller RR, Mason DT: Efficacy of disopyramide phosphate in the 
treatment of refractory ventricular tachycardia. Am J Cardiol 39:1027- 1034, 1977 


(Author: please note that no periods are used after authors’ initials.) 


For books (edited by other than author of article): 


28. Schiebler GL, Van Mierop LHS, Krovetz LJ: Diseases of the tricuspid valve, chap 20. 
in, Heart Disease in Infants, Children and Adolescents (Moss AJ, Adams F, ed). 
Baltimore, Williams & Wilkins, 1968, p 134 


For books (with identical author and editor): 


36. Berne: Principles of Group Treatment. New York, Oxford University Press, 1966, p 
26 


(Author: all book references should have specific page numbers.) 
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SUBSIDIARES 





And soda. 





Today clinical diagnosis has attained high 
quality standards. 

We feel, however, that goals are made to be 
overcome. That's why our RIA kits provide you with 
not only a series of data, but also the necessary 
accompaniments: accuracy, sensitivity, precision, practicality 

For example, our kits for cardiological 
diagnosis. In fact, an early diagnosis of cardio- ischemia 
may play a very important role in its treatment. 

CIS offers two new tests: Diagnosis of heart 
attacks and possible relapses, MYOK (kit for myoglobin 


radioimmunoassay). 
Correct digitalis treatment, DIGOCTK 125 


kit for digoxin radioimmunoassay, with iodinated 
tracer, in coated tube). 


COMMISSARIAT A L'ENERGIE ATOMIQUE SORIN BIOMEDICA 
LABORATOIRE DES PRODUITS BIOMEDICAUX GRUPPO RADIOCHIMICA 

B.P. N. 21- 91-190 GIF-SUR-YVETTE - FRANCE 13040 SALUGCIA (VERCELLI) - ITALIA 
Tel. 941.80.00 Telex: 692431 Tel. (0161) 48155 - TELEX 20064 SORINSAL 
EUROTOPE SERVICE Ltd. ISOTOPEN DIENST WEST CIS RADIOPHARMACEUTICALS Inc 
REX HOUSE EINSTEINSTRASSE 911 5, DE ANGELO DRIVE 

354 BALLARDS LANE 6072 DREIEICH BEI FRANKFURT/MAIN BEDFORD MASS. 01730- USA 


NORTH FINCHLEY, LONDON, N12 OEG - GB GERMANY 
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InterLith-RP. 


he pacemaker with a 


aiksafe rate programming design. 





It took Intermedics to combine the 
nost straightforward, uncomplicated 
'ate programming system in the in- 
Justry with the proven reliability of 
CMOS circuitry. Utilizing the superior 
ongevity of a lithium-iodine power 

sell, Intermedics now offers you one of 
ihe smallest, lightest, most comforta- 
ble programmable pacemakers 
3vailable...the InterLith-RP 

And now, our rate-programmable 
pacemaker carries the same Patient 
-ifetime Replacement Agreement as 
dur standard InterLith (models 223 
and 224). One more reason you can 
Jace your confidence in the 
pterLith-RP. 

This pacemaker, unlike others on 
he market, utilizes circuitry that has 
zeen uniquely designed to avoid ac- 
zidental reprogramming. This fail-safe 
eature requires the occurrence of two 
simultaneous electrical events; first, 
he magnetic reed switch must be 


closed and secondly, the 
programmer must be activated 
in immediate proximity to the 
pacemaker. The nine program- 
mable rates are 51, 55, 60, 65, 
72, 80, 90, 103 and 120 ppm. 
The rate is incremented from 
one value to the next by simply 
depressing the programming 
button. 

A triumph of design, the 
InterLith- RP is hermetically 
sealed in tissue- compatible 
interference-resistant 316L 
Stainless steel and measures 
only 6.0 x 4.6 x 1.5 cm (bipolar unit 
measures 6.3 cm in height), permit- 
ting a smaller incision and a more 
cosmetic pocket. All edges are 
smoothly rounded for greatest patient 
comfort. 

The InterLith-RP's universal con- 
nector readily accepts Intermedics' 
leads as well as most manufacturers' 
leads without adapters, making it an 
excellent choice when a replacement 
pulse generator is needed. InterLith- 
RP The better programmable 
pacemaker. 

For the location of your nearest 
Intermedics representative, or for 
additional information about our prod- 
ucts, call toll-free 1-800-231-2330. In 
Texas, call collect 1-713-233-8611. 


InterLith is a trademark of Intermedics, Inc. 


Note: The InterLith-RP is currently being clinically 
evaluated. 


©1978 Intermedics, Inc., Freeport, Texas 77541 
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INTERMEDICS PULSE GENERATORS 


INDICATIONS FOR USE Implantable cardiac 

pulse generators may be indicated for long-term treat- 
ment of impulse formation and conduction disorders 
resulting in symptomatic bradyarrhythmias, 
tachyarrhythmias, and heart block unresponsive to 
drug therapy. 


PRECAUTIONS Implanted pacemakers have a fi- 
nite and relatively widely variable service life as a re- 
sult of factors such as the initial capacity of the bat- 
tery and the shelf storage time of the manufactured 
pacemaker; variations in electrode system resis- 
tances, stimulation rate, and the percentage of time 
the implanted pacemaker is inhibited; and random 
electronic component failures. 

Pacemaker operation can be influenced by elec- 
tric, magnetic, or electromagnetic energy mimicking 
normal cardiac activity. In addition, certain environ- 
mental sources can couple sufficient energy into a 
pacemaker system to damage the pulse generator. 
Specifically, diathermy should not be used on 
pacemaker patients because of possible total inhibi- 
tion of the pulse generator; electrocautery can inhibit 
and/or damage the aker as well as cause 
burns or possible ventricular fibrillation; defibrillation 
can damage the pacemaker, and the presence of 
the pacemaker may cause increased cardiac mus- 
cle damage from defibrillation. Certain electrical and 
gasoline-powered appliances can cause inhibition 
of an implanted cardiac pacemaker system. 

For complete precautions, see the Physician's 
Manual for the Intermedics cardiac pulse generator 
to be used. 


CONTRAINDICATIONS AND SIDE EFFECTS 
There are no known contraindications to the use of 
pacemakers as a medical method for control of heart 
rate. Body rejection phenomena, local tissue reac- 
tion or skin necrosis, muscle and nerve stimulation, 
embolism, and cardiac tamponade have been 
reported. 
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Aldactazide 


(spironolactone 25 mg./ 
hydrochlorothiazide 25 mg.) 







WARNING 
Spironolactone, an ingredient of Aldactazide, has been shown to be a tumorigen in 
chronictoxicity studies in rats (see Warnings). Aldactazide should be used only in those 
conditions described under /ndications. Unnecessary use of this drug should be 
avoided. 

Fixed-dose combination drugs are not indicated fcr initial therapy of edema or 
hypertension. Edema or hypertension requires therapy titrated to the individual 
patient. If the fixed combinaticn represents the dosage so determined, its use may 
be more convenient in patient management. The treatment of hypertension and 
edema is not static, but must be reevaluated as conditions in each patient warrant 











Indications: Cirrhosis of the liver accompanied by edema and/or ascites. Essential 
hypertension, edema of congestive heart failure and the nephrotic syndrome, when other 
measures are considered inapprepriate. 

Contraindications: Anuria, acute renal insufficiency, significant impairment of renal 
function, hyperkalemia or acute or severe hepatic failure. Allergy to thiazide diuretics or 
to other sulfonamide-derived drugs. 

Warnings: Excessive potassium intake may cause hyperkalemia. Potassium supple- 
rnents should not be given with Aldactazide. Do not administer concurrently with other 
potassium-sparing diuretics. Sulfonamide derivatives including thiazides have been 
reported to exacerbate or activate systemic lupus erythematosus. 

Spironolactone has been shown to be a tumorigen in chronic toxicity studies in rats. In 
one study using 25, 75 and 250 times the usual daily human dose (2 mg./kg.) there 
was Q statistically significant dese-related increase in benign adenomas of the thyroid 
and testes. In female rats there was a statistically significant increase in malignant 
mammary tumors at the mid-dose only. In male rats there was a dose-related increase 
in proliferative changes in the liver. At the highest dosage level (500 mg. / kg.) the range 
of effects included hepatocytomegaly, hyperplastic nodules and hepatocellular car- 
cinoma; the last was not statistically significant. 

Precautions: Patients should be carefully evaluated for possible disturbances of fluid 
and electrolyte balance. Hyperkalemia may occur in patients with impaired renal func- 
tion or excessive potassium intake and can cause cardiac irregularities which may be 
fatal. Hypokalemia may develop as a result of profound diuresis, particularly when 
Aldactazide is used concomitantly with loop diuretics, glucocorticoids or ACTH. Transient 
elevation of BUN may occur. Dilutional hyponatremia or rarely low-salt syndrome may 
develop. Gynecomastia may develop and in rare instances some breast enlargement 
may persist. 

Thiazides may alter the metabolism of uric acid and carbohydrates with possible 
hyperuricemia, gout and decreased glucose tolerance. Vascular responsiveness to 
norepinephrine is reduced. Thiazides may also increase the responsiveness to tubo- 
curarine. Thiazides may decrease serum PBI levels and prolonged therapy may induce 
hypercalcemia and hypophospnatemia. 

Spironolactone may and hydrochlorothiazide does cross the placental barrier. Use in 
pregnant women requires that the anticipated benefit be weighed against possible haz- 
ards to the fetus. Breast feeding should be discontinued when Aldactazide is being used. 

Adverse Reactions: 

Associated with spironolactone: Gynecomastia is observed not infrequently. Gas- 
trointestinal symptoms including cramping and diarrhea, drowsiness, lethargy, head- 
ache, maculopapular or erythematous cutaneous eruptions, urticaria, mental confusion, 
drug fever, ataxia, inability to cchieve or maintain erection, irregular menses or amenor- 
rhea, postmenopausal bleeding, hirsutism and deepening of the voice. Carcinoma of the 
breast has been reported but a cause-and-effect relationship has not been established. 

Associated with thiazides: Sastrointestinal symptoms (anorexia, nausea, vomiting, 
diarrhea, abdominal cramps), purpura, thrombocytopenia, leukopenia, agranulocy- 
tosis, dermatologic symptoms (cutaneous eruptions, pruritus, erythema multiforme), 
paresthesia, acute pancreatitis, jaundice, dizziness, vertigo, headache, xanthopsia, 
photosensitivity, necrotizing angiitis, aplastic anemia, orthostatic hypotension, muscle 
spasm, weakness and restlessness. 

Adverse reactions are usually reversible upon discontinuation of Aldactazide. 

Dosage and Administration 

Edema in adults: The usua! maintenance dose is one tablet four times daily but may 
range from one to eight tablets daily depending on the response to the initial titration. 

Edema in children: The usual daily maintenance dose should be that which provides 
0.75 to 1.5 mg. of spironolactone per pound of body weight (1.65 to 3.3 mg. /kg.). 

Essential hypertension: Usually two to four tablets daily depending on results of the 
titration of the individuo! ingredients. 


Searle & Co. 
SEARLE San Juan, Puerto Rico 00936 


Address medical inquiries to: 


G. D. Searle & Co 
Medical Communications Department ^ 
Box 5110, Chicago, Illinois 60680 814-3. 





E o Every 20 seconds 
Telemed assists a physician 
with ECG analysis 


~~ 


Telemed's ECG Analysis Program, developed by cardiologists working with the world’s largest ECG 
data base, is the most widely used service of its kind. And our full line of advanced equipment makes 
ECG collection, management and analysis cost effective for all medical facilities, regardless of size. 








EPIC. ..for the large hospital serving the surrounding community. Telemed's Electrocardiogram Processing and 
Information Center is a hospital owned ECG management system using the exclusive Telemed ECG Analysis Program. 

EPIC increases the efficiency of the busy ECG reading staff, provides 24-hour-a-day back-up support for ECG analysis when 
cardiographers may not be available, and supplies reliable relevant data for physicians in patient diagnosis and treatment. 
It helps reduce administrative costs by serving as a single, reliable source for all management functions such as 
accounting, recordkeeping and billing of ECG services. 




















regional medical facilities. An ACT terminal system 
Buts the cardiologist in control of all ECG transmissions 
between subscribing physicians and the Telemed ECG 
Data Center. At his discretion, routine ECG interpretations 
may be retumed directly to attending physicians, while 
others may be held for verification, editing or serial 
comparison. ACT enables the cardiologist to increase 
his efficiency by offering physicians ‘round-the-clock 
ECG analysis without reducing the cardiologist's 
important role in ECG interpretation. 
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HT-300...for budget-conscious medical facilities of 
all sizes. The HT-300 is a transmitting electrocardiograph 
that gives the physician direct access to the Telemed 
Program. It enables any sized medical facility to have 
a trace and interpretation in minutes for use in patient 
diagnosis and treatment. It produces a 3-channel strip 
chart tracing in 4 frames of 3 simultaneously recorded 
ECG leads to eliminate cutting and mounting and 
substantially reduce paper costs. A non-transmitting 
HT-300 is also available. 





HT-400...forthe busy primary carephysician, clinic or 
emergency room. The portable HT-400 provides both: 
(1) a cost-effective method of recording single channel 
ECG traces with the convenience of automatic lead 
switching; and (2) the capability of simultaneous, 
3-channel transmission to the exclusive Telemed ECG 
Analysis Program for fast, clinically relevant 

ECG interpretations. 


HOLTER...for continuous monitoring of the 
ambulatory ECG. Telemed's Holter Scanning Service is 
one you can trust. First, because our technicians are 
trained to work exclusively on Holter scans. And 
Telemed's "Always Alert" Policy limits the number that 
technicians do per day, so they're never fatigued, 
always ready to spot meaningful abnormalities no 
matter how slight. As a back-up, an on-staff Telemed 
cardiologist reviews every scan, and our "Instant Alert" 
Service calls you immediately should any life- 
threatening abnormalities appear. 


PHYSICIAN SERVICES .. Telemed has cardiologists 

on staff for professional consultation on any ECG trace. 

At your request, a Telemed cardiologist will review the 
- ECG trace of your patient and answer any questions 


^ you may have. 
Telemed also offers serial comparison. Our cardiologists 
will compare your patient's most recent ECG with his J 
CORPORATION 


ECG's from the previous 18 months. 

2345 Pembroke Avenue 
Large or small, Telemed offers a cost-effective system to Hoffman Estates, IL 60195 
provide you with clinically relevant ECG interpretations when 312/884-5900 
theyve most needed in patient management. 
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New cardiac catheterization 
studies demonstrate 

prolonged changes for over 5 hours 
in cardiac hemodynamics with 


PERITRATE 40-mg ORAL TABLET 


(pentaerythritol tetranitrate) 


TUS. In a randomized double-blind study of catheterized patients with congestive 
FROM VENOUS SYSTEM heart failure, Peritrate 40 mg demonstrated marked changes in a variety of 
hemodynamic parameters with no change in heart rate.! 


A marked reduction in PRELOAD: peritrate reduced pulmonary 
arterial wedge pressure for over 300 minutes. The maximum reduction was 37%. 
Pulmonary arterial mean pressure was also reduced for over 300 minutes. These 
manifestations of reduced PRELOAD resulted from an increase in venous 
capacitance leading fo a reduction in left ventricular end-diastolic volume and 
pressure. The observed reduction in pulmonary wedge pressure indicates marked 
preload reduction. 


Peritrate effects prolonged for 5 hours 


pulmonary arterial wedge pressure (preload) 
“Statistically significant at the 5%tevel. 





A reduction in AFTERLOAD: a significant reduction of arterial blood pressure, correlating with 
reduced AFTERLOAD, was maintained for over 300 minutes. ! 


Reduction in blood pressure for 5 hours 


“Statistically significant at the 5% level. 


Peritrate actions observed Conclusions 


- Activity was prolonged for at least 5 hours. 1. The prolonged reduction in preload and 
 PRELOAD and AFTERLOAD showed a marked direrioad reddes the Chae OMEN 
! à expended and oxygen consumed by the heart. 


reduction lasting at least 5 hours. | dial 
| ts This reduction in oxygen demand should 
|. Klein RC, Amsterdam EA, Pratt C, et al: Sustained reduction of elevated relieve or prevent angina. 


left ventricular filling pressure in cardiac failure by oral, long-acting nitrate | | TT 

therapy. Presented at The American Federation for Clinical Research. 2.P rovides a smooth onset of action without 

San Francisco, Calif, April 29-May 1, 1978. tachycardia. Unwanted effects are rare, and 
patient compliance is excellent. 


Please see following page for brief summary of prescribing information. 


~ PERITRATE some 


(pentaerythritol tetranitrate) 


Warner Chilcott 

Division, 

Warner-Lambert Company, 
Morris Plains, New Jersey 07950 
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Peritrate* SA — ! 
Suslained Action 
(pentaerythritol tetranitrate) 80 mg 


Peritrate” 
4pentaerythritol tetranitrate) 40 mg 


Peritrate^ 
(pentaerythritol tetranitrate) 20 mg 


Peritrate” 
(pentaerythritol tetranitrate) 10 mg 


CAUTION: Federal law prohibits dispensing without prescription. 
Description: Each tablet of Peritrate SA Sustained Action contains 
pentaerythritol tetranitrate 80 mg (20 mg in immediate release 
layer and 60 mg in sustained release base). Each tablet of Peri- 
trate 40 mg contains pentaerythritol tetranitrate 40 mg. Each tab- 
let of Peritrate 20 mg contains pentaerythritol tetranitrate 20 mg. 
Each tablet of Peritrate 10 mg contains pentaerythritol tetranitrate 
10 mg. Peritrate (pentaerythritol tetranitrate) is a nitric acid ester 
of a tetrahydric alcohol (pentaerythritol). 


Indications: Based on a review of this drug by the National 
Academy of Sciences—National Research Council and/or 
other information, FDA has classified the indications as 
follows. 

"Possibly" effective: Peritrate (pentaerythritol tetrani- 


trate), is indicated for the relief of angina pectoris (pain 
associated with coronary artery disease). I! is not intended 
to abort the acute anginal episode but it is widely regarded 
as useful in the prophylactic treatment of angina pectoris 

Final classification of the less-than-effective indications 
requires further investigation. 


Contraindications: Peritrate SA Sustained Action (pentaerythritol 
tetranitrate) 80 mg and Peritrate (pentaerythritol tetranitrate) are 
contraindicated in patients who have a history of sensitivity to the 
drug 

Warning: Data supporting the use of Peritrate (pentaerythritol tet- 
ranitrate) during the early days of the acute phase of myocardial 
infarction (the period during which clinical and laboratory findings 
are unstable) are insufficient to establish safety. 

This drug can act as a physiological antagonist to norepi- 
nephrine, acetylcholine, histamine, and many other agents 
Precautions: Should be used with caution in patients who have 
glaucoma. Tolerance to this drug. and cross-tolerance to other 
nitrites and nitrates may occur 
Adverse Reactions: Side effects reported to date have been predom- 
inantly related to rash (which requires discontinuation of medica- 
tion) and headache and gastrointestinal distress, which are 
usually mild and transient with continuation of medication. In 
some cases severe, persistent headaches may occur 

In addition, the following adverse reactions to nitrates such as 
pentaerythritol tetranitrate have been reported in the literature: 

(a) Cutaneous vasodilatation with flushing. 

(b) Transient episodes of dizziness and weakness, as well as 
other signs of cerebral ischemia associated with postural 
hypotension, may occasionally develop. 

(c) An occasional individual exhibits marked sensitivity to the 
hypotensive effects of nitrite and severe responses (nausea. 
vomiting, weakness, restlessness, pallor, perspiration and 
collapse) can occur, even with the usual therapeutic doses 
Alcohol may enhance this effect. 

Dosage: Peritrate (pentaerythritol tetranitrate) may be adminis- 
tered in individualized doses up to 160 mg a day Dosage can be 
initiated at one 10 mg or 20 mg tablet q.i.d. and titrated upward to 
40 mg (two 20 mg tablets or one 40 mg tablet) qi.d. one-half hour 
before or one hour after meals and at bedtime. Alternatively, Peri- 
trate Sustained Action 80 mg can be administered on a convenient 
b.i.d. dosage schedule. 

Supplied: Peritrate SA Sustained Action (pentaervthritol tetrani- 
trate) 80 mg —double-layer, biconvex, dark green light green tab- 
lets in bottles of 100 (N 0047-0004-51) and 1000 (N 0047-0004-66) 
Also unit dose, package of 10 x 10 strips (N 0047-0004-11). 

Peritrate (pentaerythritol tetranitrate) 40 mg—pink scored tab- 
lets in bottles of 100 (N 0047-0008-51). 

Peritrate (pentaerythritol tetranitrate) 20 mg—light green, 
scored tablets in bottles of 100 (N 0047-0001-51) and 1000 
(N 0047-0001-60). Also unit dose, package of 10 « 10 strips 
(N 0047-0001-11) 

Peritrate (pentaerythritol tetranitrate) 10 mg—light green, 
unscored tablets in bottles of 100 (N 0047-0007-51) and 1000 
(N 0047-0007-60). 

STORE BETWEEN 59° and 86° F (15° and 30° C]. 

Animal Pharmacology: In a series of carefully designed studies in 
pigs, Peritrate (pentaerythritol tetranitrate) was administered for 
48 hours before an artifically induced occlusion of a major coro- 
nary artery and for seven days thereafter. The pigs were sacrificed 
at various intervals for periods up to six weeks. The result 
showed a significantly larger number of survivors in the drug- 
treated group. Damage to myocardial tissue in the drug-treated 
survivors was less extensive than in the untreated group. Studies 
in dogs subjected to oligemic shock through progressive bleeding 
have demonstrated that Peritrate (pentaerythrito! tetranitrate) is 
vasoactive at the postarteriolar level, producing mcreased blood 
flow and better tissue perfusion. These animal experiments can- 
not be translated to the drug's actions in humans. 

Full information is available on request. 


Warner / Chilcott 

Division, 

Warner-Lambert Company 

Morris Plains, N.J. 07950 PE-GP-82 
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For Clinical 
Reference, 
Teaching, 


Lectures. 


Fit any 2"x2" 
Viewer or Projector 
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Suddenly 
the endocardial 


electrode has taken 
anew twist. 


No one has to tell you what a problem conventional endo- 
cardial electrodes can sometimes be. Primarily because in 
most electrodes, dislocation is a very real possibility. 

To answer the problem, Vitatron has come up 
with a unique approach to the problem. Deceptively simple 
by design, and yet effective. 

Helifix. * 

Helifix, with its helically coiled tip, now enables 
you to actually twist the electrode into the trabeculae with 
only 2-3 clockwise turns. 

The result is a secure, yet relatively atraumatic, 
anchor that virtually defies dislocation. 

And should repositioning become necessary, 
Helifix is just as easy to remove with just a simple 
untwisting action. 

For quick mobilization of your patients without 
the fear of dislocation, for better fixation to other parts of 
the ventricle than the apex, Helifix is an ideal solution. 

We'dlike you to learn more about Helifix. For 
latest data and clinical evaluations, write us at: Vitatron 
Medical, Inc., One Gateway Center, Newton, MA 02158. 
In Europe: Vitatron Medical B.V., P.O. Box 76, 6950 AB 
Dieren, The Netherlands. 
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The design of the Helifix electrode is patented 
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is our trademark. | 


And we've earned the right to it. Along with 
octor Holter, we developed and produced 
the first production recorder and scanner 
“back in 1963. Since then, other companies 
have entered the field with ambulatory ECG 
monitoring systems of their own. But while 
they're still trying to catch up with our 
Ec our latest recorders and scanners 
àve advanced to meet the needs of today 
and tomorrow. 
Needs that are being met with our dynamic 
instrumentation throughout the world, from 





EL MAR AVIONICS 


p Alton Avenue, Irvine, CA 92714 * (714) 549-1500 
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private practice to the largest hospitals, 

and at over 50 Scanning Service Centers. 
Clinical applications that aid in the diagnosis 
and treatment of heart disease as well as 
providing vital data for Total Environmental 
Rehabilitation. 

At Del Mar Avionics, we develop instru- 
mentation that meets the needs of you and 
your patients. Because knowing what you 
need is the most important part of designing 
what you can use. That's why we ask questions, 
before we build answers. 


For more information call any one of our Corporate Sales and Service Offices: 


ATLANTA (404) 952-0612 
BALTIMORE (301) 265-1320 
BOSTON (617) 942-0230 
CHARLOTTE (704) 373-1206 
CHICAGO (312) 956-6520 
CINCINNATI (513) 874-8600 
CLEVELAND (216) 886-4063 
DALLAS (214) 350-5881 
DENVER (303) 344-5101 
DETROIT (313) 559-6863 
HOUSTON (713) 692-3122 
IRVINE (Home Office) (714) 549-1500 
KANSAS CITY (816) 373-1117 
LONG ISLAND (516) 482-7690 
LOS ANGELES (213) 640-2282 


MIAMI (305) 981-0405 
MINNEAPOLIS (612) 854-8726 
NEW ORLEANS (504) 837-7510 
NEW YORK (203) 966-4560 
PHILADELPHIA (215) 265-8548 
PHOENIX (602) 275-2451 
PITTSBURGH (412) 344-4484 
ROCHESTER (716) 328-2660 
SAN DIEGO (714) 225-0465 
SAN FRANCISCO (415) 349-9102 
SEATTLE (206) 246-4430 

ST. LOUIS (314) 739-8151 
TAMPA (813) 879-8280 
EUROPE 720-7405 Telex 61791 
AVONIX B (Brussels, Belgium) 


Plus over 60 International Distributors. 


ptus in Booth C1/C2 at The World Congress of Cardiology at Tokyo, Japan, September 17 through 23, 1978 
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COUMADIN 


(CRYSTALLINE 
SODIUM WARFARIN USP 





FOR ORAL ANTICOAGULATION 


Prophylactic Use 


A number of cardiac syndromes can predis- 


pose patients to thromboembolic episodes. 
The greatest threat of thromboembolism. 
however, exists in patients with a history of 
obesity, excessive cigarette smoking or pre- 
vious episodes of venous thrombosis or 
pulmonary embolism. Postoperative patients 
requiring extended immobilization and the 
elderly are at high thromboembolic risk as are 
the severely injured—particularly those over 
40 years with fractures of the hip, pelvis or 
lower extremities—and patients undergoing 
elective cup arthroplasty or pelvic surgery 


Emphasis should be placed on prophylaxis 
for those patients predisposed to thromboem- 
bolism. The oral anticoagulant of choice is 
COUMADIN® (crystalline sodium warfarin 
U.S.P:) 


The oral anticoagulant 


Therapeutic Use 


For established thromboembolism, adminis- 
tration of LV. heparin followed by oral anti- 
coagulant therapy is a cornerstone of treat- 
ment. COUMADIN® a chemically pure oral 
anticoagulant with high predictability of re- 
sponse, is a mainstay of effective therapy. 


Dosage and Administration 


In patients receiving COUMADIN® prothrom- 
bin time should be maintained at 1.5 to 2.5 
times the control until results stabilize. Dosage 
and administration should be individualized 
according to prothrombin time results and 
reevaluated periodically throughout therapy. 


Patients should be well informed about their 
condition and medication, since factors such 
as dietary change, travel, other medication, 
change in physical condition and abrupt 
environmental change may influence pro- 
thrombin time and, therefore, response to 


COUMADIN® 


~ COUMADIN 


(CRYSTALLINE SODIUM WARFARIN USP) 


^ : "P aid. 
. Before prescribing, please see prescribing 


"d infogmation on following page. 
* COUMADIN® is an Endo registered U.S. trademark: 


b * 


j U.S. Pat. No. 3,077,481 (Reissue No. 25,866) 


Endo Laboratories, Inc. 


Subsidiary of E.l. sy Pont de Nemours & Co. (Inc.) 
Garden City, N. Y. 11530 






(CRYSTALLINE SODIUM WARFARIN’) 
DESCRIPTION COUMADIN® (cryètalline sodium warfarin), a prothrombinopenic anticoagulant, is 
chemically crystalline sodium warfarin isopropanol clathrate. The ĉrystallization of sodium warfarin vir- 
tually eliminates trace impurities present in amorphous sodium warfarin, thus achieving a crystalline 
product of the highest purity. Warfarin™is the coined generic name for 3-(a-Acetonylbenzyl)-4-hydrox- 
ycoumarin. On a dose-for-dose basis, COUMADIN® (crystalline sodium warfarin) is therapeutically 
equivalent to amorphous sodium warfarin. 


-ACTIONS COUMADIN® and other coumarin anticoagulants act by depressing synthesis in the liver of 
several factors which are known to be active in the coagulation mechanisms in a variety of diseases 
| characterized by thromboembolic phenomena. The resultant in vivo effect is a sequential depression of 
- Factors VII, IX, X and Il. The degree of depression is dependent upon the dosage administered 
Anticoagulants have no direct effect on an established thrombus, nor do they reverse ischemic tissue 
= damage. However, once a thrombosis has occurred, anticoagulant treatment aims to prevent further 
extension of the formed clot and prevents secondary thromboembolic complications which may result 

.. in serious and possible fatal sequelae. ~ 
-After oral administration, absorption is essentially complete, and maximal plasma concentrations are 
- reached in 1 to 9 hours. Approximately 97% is bound to albumin within the plasma. COUMADIN* 
usually induces hypoprothrombinemia in 36 to 72 hours, and its duration of action may persist for 4 to 
= 5 days, thus producing a smooth, long lasting response curve. Little is known of the metabolic 
pathways involved in the biotransformation of oral anticoagulants in man. However, their metabolites 
k appear to be eliminated principally in the urine. 


























INDICATIONS Based on a review of this drug by the National Academy of Sciences-National 
Research Council and/or other information, FDA has classified the indications as follows: 


Effective: COUMADIN® is indicated for the prophylaxis and treatment of venous thrombosis 
and its extension, the treatment of atrial fibrillation with embolization, the prophylaxis and 
treatment of pulmonary embolism, and as an adjunct in the treatment of coronary occlusion. 


“Possibly” effective: as an adjunct in the treatment of transient cerebral ischemic attacks. 
Final classification of the less-than-effective indication requires further investigation. 


: -. CONTRAINDICATIONS Anticoagulation is contraindicated in any localized or general physical condition 
OF personal circumstance in which the hazard of hemorrhage might be greater than its potential clinical 
—. benefits, such as: 


— Pregnancy — COUMADIN * (crystalline sodium warfarin) is contraindicated in pregnancy because the 
drug passes through the placental barrier and may cause fatal hemorrhage to the fetus in utero. Fur- 
_ thermore, there have been reports of birth malformations in children born to mothers who have been 
. treated with warfarin curing pregnancy. Women of childbearing potential who are candidates for 
~ anticoagulant therapy should be carefully evaluated and the indications critically reviewed with the 
patient. If the patient becomes pregnant while taking this drug, she should be apprised of the potential 
-  fisks to the fetus; and the possibility of termination of the pregnancy should be discussed in light of 
... those risks. 
Hemorrhagic tendencies or blood dyscrasias. Recent or contemplated surgery of: (1) central nervous 
system; (2) eye; (3) traumatic surgery resulting in large open surfaces. Bleeding tendencies asso- 
ciated with active ulceration or overt bleeding of: (i) gastrointestinal, genitourinary or respiratory 
p tracts; (2) cerebrovascular hemorrhage; (3) aneurysms-cerebral, dissecting aorta; (4) pericarditis and 
= pericardial effusions; (5) subacute bacterial endocarditis. Threatened abortion, eclampsia and pree- 
. . clampsia. Inadequate laboratory facilities or unsupervised senility, alcoholism, psychosis; or lack of 
patient cooperation. Spinal puncture and other diagnostic or therapeutic procedures with potential for 
-— uncontrollable bleeding. Miscellaneous: polyarthritis, vitamin C deficiency, major regional, lumbar 
4 $. - block anesthesia and malignant hypertension. 


- WARNINGS Sodium warfarin is a potent drug with a half-life of 2Y2 days; therefore its effects may 
. . become more pronounced as daily maintenance doses overlap. It cannot be emphasized too strongly 
— that treatment of each patient is a highly individualized matter. Dosage should be controlled by paar 
determinations of prothrombin time or other suitable coagulation tests. Determinations of whole blood 
= clotting and bleeding times are not effective measures for control of therapy. Heparin prolongs the one- 
- .— Stage prothrombin time. Therefore, to obtain a valid pronoman time when heparin and COUMADIN * 
- . are given together, a period of 4 to 5 hours should elapse after the last intravenous dose and 12 to 24 
. hours after the last subcutaneous dose of heparin, before blood is drawn. 


A Caution should be observed when sodium warfarin is administered in any situation or physical condi- 
- tion where added risk of hemorrhage is present. 


Administration of anticoagulants in the following conditions will be based upon clinical judgment in 
which the risks of anticoagulant therapy are weighed against the risk of thrombosis or embolization in 
untreated cases. The following may be associated with these increased risks: l i | 
- Lactation- coumarins may pass into the milk of mothers and cause a prothrombinopenic state in the 
nursing infant. Prolonged dietary deficiency (cachexia, vitamin K). Severe to moderate hepatic or 
-renal insufficiency. Infectious diseases or disturbances of intestinal flora-sprue, antibiotic therapy. 
Trauma which may result in internal bleeding. Surgery or trauma resulting in large exposed raw sur- 
faces. Indwelling catheters. Severe to moderate hypertension. Miscellaneous: polycythemia vera, 
vasculitis, severe diabetes, menometrorrhagia, allergic and anaphylactic disorders. 
Patients with congestive heart failure may become more sensitive to COUMADIN®, thereby requiring 
more frequent laboratory monitoring, and reduced doses of COUMADIN *. 
Abrupt cessation of anticoagulant therapy is not generally recommended; taper dose gradually over 
three to four weeks. 
Buono Periodic determination of prothrombin time or other suitable coagulation test is 
= essential. 
i Numerous factors, alone or in combination, including travel, changes in diet, environment, physical 
t state and medication may influence response of the patient to anticoagulants. It is generally good 
| practice to monitor the patient's response with additional prothrombin time determinations in the 
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period immediately after discharge from the hospital, and whenever other medications are initia- 
ted, discontinued or taken haphazardly. The following factors are listed for your reference; however, 
other factors may also affect the prothrombin response. 


The following factors, alone or in combination, may be responsible for increased prothrombin time 
response: 

ENDOGENOUS FACTORS: Carcinoma; collagen disease; congestive heart failure; diarrhea; elevated 
temperature; hepatic disorders-infectious hepatitis, jaundice; poor nutritional state; vitamin K defi- 
ciency- steatorrhea. 


EXOGENOUS FACTORS: Alcoholt; allopurinol; aminosalicylic acid; anabolic steroids; antibiotics; bro- 
melains; chloral hydratet; chlorpropamide; chymotrypsin; cinchophen; clofibrate; COUMADIN * over- 
dosage; dextran; dextrothyroxine; diazoxide; dietary deficiencies; diureticst; disulfiram; drugs affecting 
blood elements; ethacrynic acid; glucagon; hepatotoxic drugs; indomethacin; inhalation anesthetics; 
mefenamic acid; methyldopa; methylphenidate; metronidazole; monoamine oxidase inhibitors; nalidixic 
acid; oxolinic acid; oxyphenbutazone; phenylbutazone; phenyramidol; prolonged hot weather, pro- 
longed narcotics; quinidine; quinine; salicylates; sulfinpyrazone; sulfonamides, long acting; thyroid 
S tolbutamide; triclofos sodium; trimethoprim/sulfamethoxazole; unreliable prothrombin time 
eterminations. . 


tincreased and decreased prothrombin time responses have been reported. 
The following factors, alone or in combination, may be responsible for decreased prothrombin time 
response: 


ENDOGENOUS FACTORS: Diabetes mellitus; edema; hereditary resistance to coumarin therapy; hyperli- 
pemia; hypothyroidism. 


“Present as crystalline sodium warfarin isopropanol clathrate. 
Licensed by Wisconsin Alumni Research Foundation. 
U.S. Pat. No. 3,077,481 (Reissue No. 25,866) 

COUMADIN® is an Endo Registered U.S. Trademark. 
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determinations; vitamin C. 
tincreased and decreased prothrombin tme responses have been reported. , 


A patient may be exposed to a combination of the above factors, some of which may increase and som 
decrease his sensitivity to COUMADIN® Because the net effect on his prothrombin time response may 
be unpredictable under these circumstances, more frequent laboratory monitoring is advisable. 

Drugs not yet shown to interact or not tc interact with coumarins are best regarded with suspicion, and 
when ne administration is started or stopped, the prothrombin time should be determined more often 
than usual. 


Coumarins also affect the action of otħer drugs. Hypoglycemic agents (chlorpropamide and tolbu- 
tamide) and anticonvulsants (diphenylhvdantoin and phenobarbital) may accumulate in the body as a 
result of interference with either their metabolism or excretion. 


ADVERSE REACTIONS Potential side effects of COUMADIN * (crystalline sodium warfarin) include: 


1. Minor or major hemorrhage from any tissue or organ-which is an extension of the physiologic activ- 
ity of prothrombinopenia. The signs and symptoms will vary according to the location and degree or * 
extent of the bleeding. Therefore the possibility of hemorrhage should be considered in evaluating the 
condition of any anticoagulated patient with complaints which do not indicate an obvious diagnosis. 
Bleeding during anticoagulant therapy does not always correlate with prothrombin activity. (See TREAT. 


MENT FOR OVERDOSAGE. ) . 
Bleeding which occurs when the prothrembin time is within the therapeutic range warrants diagnostic 
investigation since it may unmask a prewously unsuspected lesion, e.g. tumor, ulcer etc. -" 


2. Side effects other than hemorrhage are infrequent and consist of alopecia, urticaria, dermatitis, 
fever, nausea, diarrhea, abdominal cramping, a syndrome called "purple toes," hypersensitivity reac- 
tions and an extremely rare reaction consisting of hemorrhagic infarction and necrosis of the skin. 


DOSAGE AND LABORATORY CONTROL The aim of anticoagulant therapy is to impede the coagulation 
or clotting mechanism to such an exten! that thrombosis will not occur, but at the same time avoiding 
such extensive impairment as might produce spontaneous bleeding. Effective therapeutic levels with 
minimal complications can best be achieved in cooperative and well-instructed patients, who keep the 
doctor ais of their status between visits. COUMADIN * patient aids are available to physicians on 
request. 


The administration and dosage of COUMADIN * must be individualized for each patient according to the 
particular patient's sensitivity to the drug as indicated by the prothrombin time. The prothrombin time 
reflects the depression of vitamin K dependent Factors VII, X and Il. These factors, in addition to Factor 
IX, are affected by coumarin’ anticoagulants. There are several modifications of the Quick one-stage 
Dane time and the physician should become familiar with the specific method used in his 
aboratory. 


Administration of COUMADIN® should be gauged according to prothrombin time determinations by a 
suitable method. The blood prothrombin time should usually be determined daily after the administra- 
tion of the initial dose until pooma time results stabilize in the therapeutic range. Intervals 
between subsequent prothrombin time ceterminations should be based upon the physician s judgment 
of the patient's reliability and response to warfarin in order to maintain the individual within,the thera- 
peutic range. Acceptable intervals for prothrombin time determinations have usually fallen within the 
range of one to four weeks. Satisfactorv levels for maintenance of therapeutic prothrombinopenia are 
12 to 2V2 times the normal prothrombin time (e.g. 21 to 35 seconds, with a control of 14 seconds). 


Induction-40 to 60 mg for average adu't or 20 to 30 mg for elderly and/or debilitated patients for one 
dose only administered orally, intravenously or intramuscularly. 


Maintenance- Most patients are satisfactorily maintained at a dose of 2 to 10 mg daily. Flexibility of 
dosage is provided by breaking scored tablets in half. The individual dose and interval should be gauged 
by the patient's prothrombin response. 


Duration of therapy- The duration of therapy in each patient should be individualized. In general, 
anticoagulant therapy should be continued until the danger of thrombosis and embolism has passed. 


Treatment during dentistry and surgery- The management of patients who undergo dental and surgical 
procedures requires close liaison between attending physicians, surgeons and dentists. Interruption of 
anticoagulant therapy may precipitate tnromboembolism, and conversely, if anticoagulants are main- 
tained at full doses, some patients may nemorrhage excessively. If it is elected to administer anticoagu- 
lants prior to, during, or immediately following dental or surgical procedures, it is recommended that 
the dosage of COUMADIN * be adjusted to maintain the prothrombin time at approximately 1% to 2 
times the control level. The operative site should be sufficiently limited to permit the effective use of 
local procedures for hemostasis including absorbable hemostatic agents, sutures, and pressure dress- 
ings if necessary. Under these conditions dental and surgical procedures may be performed without 
undue risk of hemorrhage. 


COUMADIN * with Heparin-Since a delay intervenes between the administration of the initial dose and 
the therapeutic prolongation of prothrombin time, it may be advisable in situations of great emergency 
to administer sodium heparin initially aleng with COUMADIN *. The initial dose of heparin and injectable 
COUMADIN * may be administered together in the same syringe. It should be noted that heparin may 
affect the prothrombin time, and therefore, when patients are receiving both heparin and COUMADIN * , 
the blood sample for prothrombin time determination should be drawn just prior to the next heparin 
dosage. and preferably 4 to 5 hours after the last intravenous injection or 12 to 24 hours after the last 
subcutaneous injection. 


TREATMENT FOR OVERDOSAGE Excessive prothrombinopenia, with or without bleeding, is readily 
controlled by discontinuing COUMADIN” (crystalline sodium warfarin), and if necessary, the oral or 
parenteral administration of vitamin K:. The appearance of microscopic hematuria, excessive menstrual 
bleeding, melena, petechiae or oozing from nicks made while shaving are early manifestations of 
hypoprothrombinemia beyond a safe and satisfactory level. 

In excessive prothrombinopenia with mild or no bleeding, omission of one or more doses of 
COUMADIN * may suffice; and if necessary, small doses of vitamin K: orally, 2.5 to 10 mg, will usually 
correct the problem. 

If minor bleeding persists, or progresses to frank bleeding, vitamin K: in doses of 5 to 25 mg may be 
given parenterally. (Please note recommendations accompanying vitamin K preparations prior to use.) 
Fresh whole blood transfusions should be considered in cases of severe bleeding or prothrombinopenic 
states unresponsive to vitamin K1. 

Resumption of COUMADIN® administration reverses the effect of vitamin Kı, and a therapeutic 
hypoprothrombinemia level can be obtained. 

SUPPLIED Tablets: COUMADIN ® (crystalline sodium warfarin). For oral use, single scored, imprinted 
numerically with potency as follows: 2 mg lavender, 2Y2 mg orange, 5 mg peach, 7% mg yellow, 10 
"d white, 25 mg red. In bottles of 100 and 1000. Also available in Hospital Unit-Dose blister package of 


Injection: Available as single injection units of amorphous sodium warfarin lyophilized for intravenous 
or intramuscular use in a box of 6 units for use immediately after reconstitution. 50 mg: Unit consists™ 
of 1 vial, 50 mg; sodium chloride, 10 mg; thimerosal, 0.2 mg. pH is adjusted with sodium hydroxide: 
accompanied by a 2 ml ampul Sterile Water for Injection. z 
Sterile Water for Injection contains no antimicrobial or other substance, and it is not suitable for 
intravascular injection without first having been made approximately isotonic by the addition of a suit- 


able solute. Use only for reconstitution cf the lyophilized product. — 
Garden City, N.Y. 11530 . 


Printed irU. S.A. 
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Henry A. Solomon, M.D., F.A.C.P., F.A.C.C., 


Clinical Assistant Professor of Medicine, 
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Speeds what's new from the floor of medical meetings 
directly to the physician's desk! 


calendar of meetings 
reported recently or 


scheduled to be covered 


Feb, 27 - Mar. 1, 1978 
Bethesda, Md. 
Clinical Decision Making 
in Coronary Artery Disease 


Mar. 23 - 25, 1978 
Tucson, Arizona 
Clinical Recognition and Management 
of Heart Disease — 1978 
(Sponsored by the American 
College of Physicians) 


April 3 - 7, 1978 
New York, NY 
Consultant's Course in Cardiology 


April , 1978 
Las Vegas, Nevada 
Cardiac Imaging — 1978 


May 12 - 14, 1978 
Chicago, IL 
Rational Drug Therapy 
in Ischemic Heart Disease 


May 18 - 19, 1978 
Newton, Mass. 
Coronary Disease — 1978 


June 12 - 14, 1978 
Paris, France 
Fifth Scientific Meeting of the 
International Society of Hypertension 


July 9 - 13, 1978 
London, England 


The Celebratjon of the 400th Anniversary 


of the Birth of William Harvey 


Sept. 17 - 23, 1978 
Tokyo, Japan 
The VIII World Congress 
of Cardiology 


e Provides current and important information 
on cardiovascular disease in an 
easy-to-read, time-saving, newsletter format. 


For physicians, scientists, medical 
institutions and industries interested 
in cardiovascular disease. 


e Published 12 times a year, covering most 
important meetings nationally and abroad. 


e Each issue reports an entire meeting 
with a synopsis of major talks, succinctly 
edited by an expert clinical cardiologist. 


e Mailed shortly after the meetings, to insure 
subscribers receiving worthwhile news 
FAST, avoiding long “‘time lag". 


e included: clinical keys, editorial 
highlights, table of contents and index. 


Harper & Row, Publishers, Inc., Journals Circulation 

2350 Virginia Ave., Hagerstown, Md. 21740 

Phone Robert Cromer, Journals Circulation Manager. 

301-733-2700 

L] Please send me a complementary copy of 
CARDIOLOGY: UPDATE. 


O Please send me one year subscription, 
12 issues, $55.00. 





[] Check enclosed. [] Please bill me. 
Name 
(Please Print) 
Address 
ORT pee AO State Fin 


55-78J 
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The System : 


Irex System ll. . .is a 
completely new medical 
instrumentation recorder which 
produces high contrast, 
instant, dry black and white 

. records that do not fade in 
light or “fingerprint”. 





The Irex Echo | Cardiac 
Ultrasound Module features a 
Diagnostic ECG with full lead 
selection, selectable Switched 

- Gain, Dual Ramp, or Standard 
TGC Controls, a convenient 
Locate Control for instant 
close-ups of selected 
structures, and a broadband 
receiver with wide, linear 
dynamic range and clean, fast ae 
overload recovery for excellent ae 3 d 
near field resolution. Yi z 3 J 
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Instant enlargement of selected 
cardiac structures. 


The Irex Heart Sound/ — il; jii K Eu 
Pulse Module turns System Il TAN \ 
into a complete non-invasive 
recording system featuring 
channels for Heart Sounds, 
Pulse and Respiration. Each 
channel is fully diagnostic with 
the frequency response and/or 
filter selection required for 
high quality recordings. 
Individual transducers plug 
into a small bedside preamplifier 
from which a single cable 
connects to the recorder. 





Special eR WEST. 
such as "dual echo” studies. 


ERSE X 
* 


Research Laboratory 
Quality at a Private Office Price. 
Basic Echo System — 513,500, 
Echo/Phono System — $15,500. 


* 
Prices subject to change without notice. 





Wide variety of time and scale 
line configurations to aid in 
complex measurements. 





Call 201-327-5900 or send coupon to arrange a System II demonstration in your hospital or private office. : 


—_ 











Combination - 


TheService | 
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1 
zt | 
Irex offers a full line of j 
competitively priced cardiac M 
ultrásound transducers which are | i 
supplied with performance 3 
evaluation and certification J 
documents. à 
Irex System Il has been if you simply call us Collect 3 
engineered for maximum at 201-327-8532 and report ; 
serviceability. Modular your service problem. We will ? 
electronic and mechanical back our service representatives A 
components are readily with the information and parts 4 
accessible for ease of adjust- necessary to keep your b 
ment or replacement ... equipment in optimal operation. a 
A representative of our Ask some Irex customers j 
nationwide service organization how well we deliver on our 
can be dispatched to your service promises. : 
Irex installation anywhere in Irex System ll and Irex Service 
the Continental United States ... an unbeatable combination! E 
3 
Compact, mobile console 4 
(only 18" wide). POT e. chek S fre o MERI D e pahaan o 
? e 
An Unbeatable Combination 
xis O Send System Il Technical Specifications and Price List. À 
PA, O Call me to arrange a demonstration for my O office O hos it 
Please have a sales representative call me at 1 
NES Area. Code). uu, ws roles EU ae D | 
L Best time to callis — | 1. à à à Best day to call is 
.* Mon. O Tue. O Wed. O Thur. O Fri. O 
vA Name 
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MEDICAL SYSTEMS 
a e pande Offices 
a .9- 114 Pleasant Avenue, Upper Saddle River, NJ 07458 
Y ` Call (201) 327-5900 for the name 

| of your local Irex Sales Representative. 


"Service representatives located throughout the U.S.A. 
* 


Mailing Address 





Gus ls State a 


IREX MEDICAL SYSTEMS | 
114 Pleasant Ave., Upper Saddle River, N.J. 0/458 | 
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with bipolar needs 


' sal e 0.8mSec pulse width and bidirectional R-wave sensing 

T pability; proven circuitry provides for long-term reliability. 
- Dependable Lithium lodine Power Source 

-Clinically proven WG 755 cell provides operational 

... lengevity in a compact package. 

.. Self-sealing Connection Feature 

Fe cilitates lead connection during implantation. Allen- 

. . key driver can be inserted through terminal seal to 

- tighten preinserted set screw. Silicone elastomer then 


.. self-seals. 

B Direct Lead Compatibility Designed to fit the 
bipolar leads supplied by Telectronics as well as many 
. other manufacturers (see physician's manual). 


. All these reliable benefits from 
 Telectronics plus: | 


ZA 


.. etranstelephonic and monitoring equipment for 











pacemaker follow-up N | » cm 
|» . ea 24-hour worldwide technical service d 4 
E e educational material for you and your staff TE LECTR AN 
a e explanatory material for your patients | . 
js 
bf U.S.A. 8560 Main Street, Williamsville, N.Y. 14221, (800) 828-7 747 CANADA 6299 Airport Road, Mississauga, Ontario L4V1N3, (416) 676-9805 


EUROPE 35 Ivor Place, London NW1, UK (Telex: (51227950) | i 
AUSTRALIA (and the rest of the world) 2 Sirius Road, Lane Cove, Sydney, N.S.W. 2066 (Telex: Medtel AA20576) 5 






^ Medical Authors ^ į 





Information to Authors will save hours offfaluable look-up and research 
time, plus help you avoid costly errors in rNanuscript preparation. In this 
one volume you will find everything you ngéd to know about writing for 
publication including: 
e subject index to quickly identify publicgfions in your field of interest 
e editors with specialty so manuscriptsgcan be personally directed 
members of editorial board with crefentials 
scope and editorial policy of publication 
sponsoring societies 
sources for standard nomenclature 
basic style guides 
number of copies of manuscript 
rules for preparation of illustrations, tables, graphs 
acceptable format 
guide to footnote and reference usage 

Ny address for manuscripts 
lf you or members of your staff write, submit or review papers for If you are now writing—or planning to write—send for your copy of 
medical journals you will wonder how you ever did without this handy  /nformation to Authors right away. It will make writing for publication a 
guide. Here, in one place, is all the information you need to select the much easier process. 
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$33.00 


This comprehensive work covers every aspect of exercise and its 
role in Diagnosis, Treatment, and Prevention of cardiac dis- 
ease. 


The scope of EXERCISE IN CARDIOVASCULAR HEALTH 
AND DISEASE is so broad that it goes from something as basic as 
a detailed study of the heart muscle itself to the latest advances in 
cardiac rehabilitation. 


Special attention is given to such subjects as: 

L] Present status of exercise testing and training in terms of 
physiological bases and clinical applications 

O Nuclear cardiology 

O Computer analysis of the exercise ECG 

O Stress myocardial scintigraphy 

O Various interpretations of exercise tests in the asymptomatic 
population 


The editors have brought together a distinguished group of 
specialists—all of whom have made major contributions to the 
field. Included are outstanding scientists, clinicians, exercise 
physiologists, and physical educators. 


For you who have any interest—professional or personal—in 
exercise and the heart, we urge you to /ook at a copy of 
EXERCISE IN CARDIOVASCULAR HEALTH AND DISEASE. 
That's right! You're invited to look it over before buying it. 


Send for your copy of Exercise in Cardiovascular Health and 
Disease today. Then use it for 30 days without risk. 


"The list of contributors bespeaks its authority: outstanding physicians in cardiovascular medi- 
cine and distinguished physical educators ... No serious student or practitioner in the field 
would wish to be without this remarkably thorough account . . .” 

David H. Spodick, MD, St. Vincent Hospital, Worcester, Mass. in The Journal of the American Medical 
Assoc., June 16, 1978, Vol 239, No. 24 

"Many areas in this field which have not as yet been addressed under one cover and a few rather 
unique ones are mentioned . . . an important synthesis of our current knowledge in the field." 


Harold T. Mankin, MD, Division of Cardiovascular Diseases and Internal Medicine, Mayo Clinic Proceedings, 
May 1978 


. , Yorke Medical Books 666 Fifth Avenue, New York, N.Y. 10019 AJC-9/78 


Please send me a copy of EXERCISE IN CARDIOVASCULAR HEALTH AND DISEASE at 
" * $33.00. I may use the book for 30 days and if not completely satisfied, return it for full refund or 
credit. 
LJ Payment encicsed, publisher pays shipping 


O Charge my credj Expire date . . 
o Mastera Ù Visa 
Card'No 










O Bill me, plus cost of shipping 












————— ———————————— State... Zip 
` New York residents add applicable sales tax. Countries outside Western Hemisphere, prepay in U.S. funds or 
use,credit card, and add $5.00 to price. 
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John L. Boyer, MD; Jack H. Wilmore, PhD a 


PART V 


EXERCISE IN CORONARY HEART DISEASE 
REHABILITATION 


MEDICAL SCREENING OF PATIENTS WITH 
CORONARY ARTERY DISEASE: CRITERIA FOR 
ENTRANCE INTO EXERCISE CONDITIONING PROGRAMS 
Malealm M. McHenry. MD 
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WITH SPECIAL REFERENCE TO PERFORMANCE AND 
CARDIORESPIRATORY FUNCTION IN HEALTH 
AND DISEASE 
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It's the STS-Iil... 
Truly a Multi-use 
ECG System! 


Why pay twice for dedicated 
stress test and ECG equip- 
ment when a single system 
does it all! 


11:49 A.M. 
It's a Stand-alone 
Electrocardiograp 


Actually a variety of different systems 
in one, the STS-III has inter-change- 
able modular components that can be 
assembled to meet the budget and 
technical requirements of virtually 
any hospital, physician’s office or 
clinic. Choose from two monitor types 
and three treadmills with the option of 
manual controls or automatic test 
programming for up to twelve stages. 
Use it in the stress test lab, or handle 
routine ECGs by disconnecting and 
rolling away its state-of-the-art 
3-channel recorder (a special version 
of our time-proven Model 3038 Elec- 
trocardiograph.) Expand your diag- 
nostic capabilities still more by adding 
heart-sound/pulse-wave and com- 
puter phone terminal options. 


Even then, there’s flexibility to spare. 
in addition to providing superior per- 
formance specifications, the STS-IN 
prevents information loss with a 
unique non-fade monitor thäåt can 
freeze events of interest, and allow 
recording from memory in a distinc- 
tive format. And, the optional “crawl- 
speed” feature allows the entire 
stress test to be recorded without 
interruption in the intervals between 
program recording. 


To see how the STS-III is the most ^ 
cost-effective stress test solution for 
you, call or write: 

Camb” uy- instrument Company, 
73 Spring St., Ussining, N.Y. ~a 
(914) 941-8100. ` ARN 


Cambridge 
Instrument 
Company, Inc. 
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Covers in 24 Chapters All the Information 
Necessary for Correct Dermatologic Diagnosis 
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1/ Anatomy of Skin 
2/ Physiological and Chemical Functions of the Skin 
3/ Etiology of Dermatoses 
4/ Diagnostic Procedures 
` 5/ Dermal Histopathology 
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7/ Allergy 
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10/ Psychosomatic Medicine Applied to Dermatology 
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13/ Differential Diagnosis Charts 
14/ Macular Eruptions 
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Dermatology 


for Students and Practitioners 
Joseph W. Burnett, MD 


Professor and Head of Dermatology, 
University of Maryland 


Harry M. Robinson, Jr., MD 


Professor of Dermatology, 
University of Maryland 


The definitive source for the primary care practitioner 
. . . the indispensible quick reference for the dermatol- 
ogist ... the basic dermatology text for students and 
interns } 

This Second Edition has been completely rewritten 
and brought up-to-date with the most modern diagnos- 
tic and therapeutic techniques, yet it retains the em- 
phasis on conciseness that helped make this work such 
a valuable reference. 

The reader will find the many illustrations particu- 
larly helpful. The inclusion of color, new to this edition, 
demonstrates vividly the dermatologic manifestations 
that are frequently a sequel to underlying abnormalities. 
Every physician confronted with a skin problem will 
welcome this reliable guide for diagnosis. 
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Please send me a copy of CLINICAL DERMATOLOGY fot 
Students and Practitioners for 30 days free examination. If | 
decide to keep it, your invoice will be honored ($38.00 plus 
shipping). Otherwise the book will be returned for full credit or 
refund. 


O Full payment enclosed, publisher absorbs shipping cost 


O Charge to my credit card Expire date . /| 
O Master Charge O Visa 
Card No. T 


O Send invoice (U.S. and Canada only) 
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Address 
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Countries outside Western Hemisphere: $43.00 prepaid in U.S. funds or credit card. New 
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Recent Advances in Your Specialty 


CORNELL 
MEDICAL 
UPDATE 1 
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NOW- in book 
form—the fa mous 
| UPDATE your 
= MEDICINE 
CONFERENCES 








230 PAGES Your “instructors” include some of the foremost people in: 
74 ILLUS. e Endocrinology ¢ Diabetes e immunology 
KIVAR COVER e Cardiology e Cancer e Asthma 

e Neurology e Gastroenterology X * Radiology 


This new book is designed for the busy physician who finds it difficult 
= to keep up with the growing literature in his profession. Up until now 
the only way this could be done was to attend such conferences as the 
highly acclaimed Update Your Medicine sponsored by New York 
— Hospital, Cornell Medical Center. These programs were developed to 
- prepare doctors for Recertification despite heavy work loads. 


In response to demands by those physicians who were unable to attend 
in person, it is a pleasure to announce that Update Your Medicine is 
now available in book form under the title CORNELL MEDICAL 
UPDATE |. The original Conferences have been transcribed . .. edited 
— for easy reading and absorption ... and completely updated right to 
. press time. 


The lectures treat each topic in depth from the basic physiologic and 
biochemical principles up to application in patient management. To 
save the time of the audience—and of those who use the book—the 
text has been edited to the bone. Do not look for historical reviews, 
lengthy descriptions of investigative methods, ambiguous discussions, 
or rehashes of what you have known for years. The doctors who at- 
tended the lectures did not need this "filler" material...and you 
don't either. 


What you want is the new knowledge and techniques developed in 
recent years. And that is what you get from CORNELL MEDICAL 
UPDATE |. The goal is to give you the knowledge ... and the confi- 
dence...to incorporate these new techniques into your clinical 
practice. — 


The 18 Lectures are Presented in Compact 
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Easy Comprehension: 


. Update Your Endocrinology I: 
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. Update Your Endocrinology Il: 


Hypothalamus and Anterior Pituitary 


. Update Your Cardiology 


Update Your Gastroenterology: 
Chronic Active Hepatitis 
Update Your Gastroenterology: 
GI Hormones 


. Nephrology: Renal Physiology and 


Diuretic Therapy 


. Recent Advances in Cancer 


Chemotherapy 


. Compendium of Antineoplastic Agents 
. Update Your Immunology: 


Hypersensitivity States 

. Update Your Immunology: 
Immunopharmacology of Asthma 

. Advances in Neurology 

. Update Your Radiology: Angiography of 
the GI Tract in Management of Acute 
Arterial Bleeding 

. Update Your Radiology: Sonography of 
the Abdomen 

. Recent Advances in Diabetes Mellitus 

and Hypoglycemia 
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AMA Physician’s lems which come up in your the book for 30 days and if not completely satisfied, return it for full credit . 
or refund. 
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only if you want it for perma- 
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CONTEMPORARY 


ELECTROCARDIOGRAPHY 
By Henry J. L. Marriott, MD 





. E... two weeks (26 times a year, CONTEMPORARY ELECTRO- 
CARDIOGRAPHY will publish an original article focusing on a basic 
ECG procedure. Each article will be accompanied by a brief series of 
multiple-choice questions and a coded answer card. After checking off 
the appropriate answers, the subscriber returns the card to CECG, and 
earns one Category 1 credit toward the AMA Physician's Recognition 
Award. It couldn't be simpler. 









A ll articles are written by Henry J. L. Marriott, Director of Clinical 
Research, The Rogers Heart Foundation, and are supplemented by 
the highest quality illustrative material. The first 26 issues will be in 
the category of clinical and electrocardiographic diagnosis of arrhyth- 
mias and blocks, and will include such topics as Ventricular Ectopic 
Beats, Accelerated Idioventricular Rhythm and Parasystole, A-V Dis- 
sociation, Pacemaker Pranks and Dysrhythms, and Causes of Brady- 
cardia. 
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T. total cost of $150.00 covers 26 lessons, a binder for storing the 
complete program in your library, and documentation of your earned 
Category 1 credits. 






"As an organization accredited for continuing J a 
medical education, The Rogers Heart Foun- > 
dation certifies that this continuing medical 
education offering meets the criteria for 1 
credit hour per response card returned for the | 
program, in Category 1 for the Physician’s da 
Recognition Award of the American Medical | — 
Association, provided it is used and completed | 
as designed." 







T. first issue of CONTEMPORARY ELECTROCARDIOG- 

|. RAPHY will be published in January, 1979. By subscribing to this 
carefully developed program of review and instruction, you will be 
assured of maintaining the high quality of care your patients expect, 
as well as satisfying your CME requirements. If you would like further 
details, send for a sample lesson from the coupon below. 
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y es, I want to take advantageof this excellentopportunity. 


Please enter my subscription to CONTEMPORARY 
ELECTROCARDIOGRAPHY 


to begin in January, 1979: 
O Enclosed is my check for $150.00 CJ Please bill me 
, U Please send me a sample lesson at no obligation. 
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, Williams 
T & Wilkins 





CREDIT CARD PURCHASE 
Use your VISA or MASTER CHARGE card to order today. ( Be sure to 
supply all the information requested to ensure prompt handling of 

your order.) 
(Check one) 


O VISA O Master Charge 
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card # expiration date 


TOLL-FREE TELEPHONE ORDERING (9 am to 4 pm) 
For ordering with or without charge card, call: 1-800-638-0672. 
Maryland residents call collect: 528-4221. 


428 East Preston Street 
Baltimore, Maryland 21202 
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Congestive Heart 


Dean T. Mason, M.D. 


This rare treatment of such a multifaceted 
subject provides an unusual opportunity 
for the busy clinician to add to his knowl- 
edge in a minimum amount of time. Any 
area of immediate interest can be rapidly 
located and as much data as needed can 
be quickly extracted. The concentration 
on improved clinical management will be 
appreciated by every internist, cardiol- 
ogist, generalist, and any professional in- 
volved in cardiovascular medicine. 


Dean Mason, President of the Amer- 
ican College of Cardiology, has or- 
ganized this monograph within the three 
areas relevant to an understanding of 
congestive heart failure: mechanisms, 


nized authorities have been assembled 
by Dr. Mason, each contributing their 
expertise to make this book the foremost 
text covering the highly important and 
common disorders of abnormal heart 
function. 


This presentation of recent advances in 
basic research and clinical progress has 
been highly acclaimed for its major con- 
tribution to the improvement of patient 
care. We invite you to see if you don't 
agree. Order and take 30 days to look 


fied, return it. 


1 - over the book. If you're not totally satis- 


About the author .. . Dean T. Mason, M.D. 


Professor of Medicine, Professor Physiology, Chief of 
Cardiovascular Medicine, University of California, 
School of Medicine, Davis 


President, American College of Cardiology 
President, Western Society for Clinical Research 
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peutics, Catheterization and Cardiovascular Diagnosis, 
and Heart and Lung 
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$35.00 
448 PAGES, 250 ILLUS. 


* ..the finest book on congestive 
heart failure ever written...com- 
pletely covers the entire spectrum 
... Will remain a classic.” Rudolph 
T. Wagner, MD, FCCP, Chest, May 
1978 


"Mechanisms, evaluation, and 
treatment...are well discussed... 
well illustrated.” MD, December 
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